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Oh the BEOS coETAiHiNO SiLiciFiED WooD IN Eastebn Pbohe, Beitish Bcbkah, bj 
Wm. Theobald, June,, Esq., Geological Survey of India. 

No fiMit relating to the geology of Pegu is bettor known than the abundance of silioified 
wood occurring in the vallev of the Irawadi, but as no delved account has hitherto been 
published of the beds irom wnich this fossil wood has been derived, it is my intention in the 
present notice to give such a sketch of them as will show their most salient points of interest 
and facilitate the recognition of the group elsewhere, where its occurrence might from its 
mineral character be overlooked and its beds confounded with other and more recent deporits. 
At tiie same time I shall, as much as possible, restrict myself to the area of Eastern Prome 
and to the fossil-wood group proper, only incidentallj alluding to the great series of beds 
with which it is intimatefy connected, and on which it teste, as each group has a marked 
f^ies of its own, is genermly, as a rule, easily recognizable and charaderised by entirely 
different oiganic remains, though the balance of evidence as yet tends to pore a passwe 
from one to the other and an undisturbed sequence in tiie beds composiifg them. The 
fossil-wood group, too, is the smaller and, as i-egards ite organic remains, the simpler of the 
two, and can therefore be treated by itself more conveniently than in connexion with the 
lower, ii'om which the organic remams require mnch additional study and comparison with 
living species, for which very imperfect fatties at present exist. 

The most familiar form in which fossil-wood occurs in the Irawadi valley is that of well 
rolled and pdishcd pieces of from one to six inches in length, distributed through the coarse 
shingle which undemes the ordinaiy alluvial clay of the province and is freely exposed in the 
bed of the Irawadi at a variety of places, as, for instance, under the station of Thaiet>mio 
and on the opposite bank under the deserted fort of Miadd. (^posite Prome also a 
great thickness of this gravel, less coarse than at Miadd, but equally well supplied with weU 
worn and rounded fragments of fossU-wood, occurs, Rilly 30 feet thick, and rising to a height 
of about 60 feet above tiie present flood-level of the Irawadi.* 

Asides the ordinarily sized pebbles of fossil-wood, there occur in the gravels towards the 
frontier, as close to Thaiet-mio, for instance, well rounded logs of silicifira wood, some two 
or three frat or more in length. These, of course, have never travelled very flur ^m their 
original site, and we accordingly find the parent beds of this quasi-ubiquitous f^sil-wood 
in force but a_ very few miles from the river, whflst irrefragible eridence presente itself of the 
former extension of these beds over a much larger area than now occupira by them even as 
fur south M Rangoon in the chips of logs of fossil-wood of a size too great for distant 
transport, either resting on some lower member of -the group, or encased in more recent 
deposits, the detritus of the beds which originally envcl^d them, and with no greater 
change of position than that wrought by the mere action of gravity during the long process 
of denudation going on around them. 

It is not ^y vety precisely to describe the distribution of this group without reference 
to a map, but in Eastern Prome the area it occupies may be taken at something less than 

* The couw eharaoter of this gnvol or shingle, the well rounded and polished eondllion of Its ingredients^ 
conslstinB of the hardest silicious rock, and the aomewhat mixed eixe of the pebbles, seem to me grestir ia 
favor of the marine origin of (hit gravel at a period antecedent to the formation of the preimst river vulej, triust 
the sea was wearing away the ibalp tisiiiK beds I am now about to describe, thovigh I rannot sd much as goeas at 
the Boaree of those sUioioas rocks of whiim most of the pebbles consist, eo dUieient are tbcjr Brom aojrthing now found 
in the ueighboorhood, or I might sa; province. 
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■ 700 adtiue miles, of which not more than a bare fifth or sixth is covered by the highest sandy 
bed with which fossil trees are associated, and which from its incoherent character hw 
everywhere suffered to the greatest extent from the action of denudation. There can be no 
j doubt that (he entire group formerly extended as an uninterrupted deposit far below ibe 
latitude of Rangoon, though the highest member of the eproup inth its associated fossil- 
tarunks does not extend down now in force nearer than 130 mues or thereabouts to that town, 
or not south of the Tounrayo nulla. The e:^t termination to l^e south, however, of this 
fossil-wood bed is rendered very obscure, by its merging, so to speak, in the debris which 
has resnlted from the waste of the group, and teneath which it sinks and is lost sight of. 
That it formerly extended much further south is rendered certain (and perhaps the occur¬ 
rence, vn aitu, of patches beneath the newer accumulations at the present time is also indicated) 
by the occurrence of large pieces scattered about within the area of the detrital beds above 
mentioned, of a size such as to preclude the idea of transport from a distance; as, for instance, 
between the Okhan and Thonsay streams, where a log of not less than four feet in length is 
embedded in a mass of confused detritus fully 65 miles south of the spot 1 have assumed as 
the southerly limit of the groim containing the fossil wo^ in situ. Smaller pieces of fossil 
wood are found much nearer Rangoon and in cuttings in the neighbourhood. These pieres 
on my first visit to Rangoon, and before I entertained any suspicion of the connexion of 
the beds at Rangoon and those containing the silicified wood, I fras indined to regard 
as brought to the spot by human agency, as the Burmese are fond of surrounding their reli¬ 
gious building with posts of this wood “Engin chouk,” but I am now convinced that 
such is not the case, but that the pieces in question are derived' either from the wasted 
and missing upper beds or from the lower ones of the group still remaining, which, as 
I shall show, contain the same fossil-wood, thongh sparingly and never in the same sized 
pieces as the upper or emphatically ike fossil-wood bed of the, province. Thus the fossil- 
wood in the Frome district occurs in two distinct formations and under very different 
conditions, viz., in the form of entire tranks in situ or fragmentary pieces, but little rolled, 
and in well worn or polished pieces, some of large size, but more frequently as pebbles, which 
form a conspicuous ingredient in the recent gravels. 

, Below I give, in descending order, a teble of the main divisions into which the miocene 
beds east of the Irawadi may be divided, the upper tlirco of which constitute the fossil- 
wood group of which I am now treating :— 

Miocbnk. 

(Detoendntg). 

JBbssil-wood group. 

fir).*—'Sand—in parts gravelly and conglomeratic—characterised by the profusion of 
concretions of peroxide of iron associated with it; fossils, trunks of silicified 
exogenous wood and locally mammalian bones. In the subordinate bods of 
conglomerate, rolled fragments of wood as above, silicified, (that is, mineralized 
subsequently to their entombment), mammalian and reptilian bones and teeth 
of cartilaginous fish. 

Fine silly clay with a few small pebbles mixed with sand in strings here and there 
the whole very fine and homogeneous and devoid of fossils. 

fc).—A mixed assemblage of shales, sand, and conglomerates, the last very subordinate, 
partaking much of the characters of beds a — h; a little of the concretiopaiy 
peroxide of iron. Fossils, rolled wood silicified; mammalian and rgpti^an 
bones and cartilaginous fish teeth. Towards the base, the beds contain marine 
shells, and pass into those of the next group. 

Pey« Group. 

(d). —An enormous succession of sandstones and shales of unknown tbicknoM and not 
usually foBsiliferous. Particular beds, however, contain fossils in profusion: 

(e. g., <Z-l.—Hard sandstone with corals (Clcdoesra). 

Blue Kama clay, highly fwBsiliferous. 

d,-%.—‘Cgtherea Promensis bed or Prome sandstone, 

and> 4 ;inmerons others which cannot be specified till Uioir fossil 
contents have been more especially examined). 
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(a),—TiM bed which we may fiurly evppose to have been once co-e:^nsiye with the rest 
of the group ia now greatly diminished in area by denudation, which its mineral character 
even more perhaps wan its ^sition at the top of the same has tended to enoour^e, so that 
even within the area wh^ it is idi present best preserved it by no means conrtitutes the 
entire surface, being everywhere deeply scored through to the underlying beds below. The 
surface is everywhere protected by a gravelly layer composed of small quartz pebbles and 
ferruginous concretions derived from pebbly strings and irregular courses of conglomerate 
dispersed through the sand, which readij^ washiW ai^ Iwves the residual layer in 
question at top; to the motection afforded by which against further waste, the existence 
of what still remains of this incoherent bed is largely due. This surface layer is of 
variable thickness, its development being, to some extent, a measure of the denudation 
this group has undergone. On the surface and impacted in it at different depths whero 
it is veiy thick lie logs of silioified wood of all sizes from a foot or so to trunks of 40 and 
50 feet, not entire, but jointed up into pieces of various lengths through spontaneous fracture, 
probably brought about by their own weight, and irregmar subsidence during the removal 
of the friable matrix wherein they were originally encased. Though, as a rule, these large 
logs occur as described in a gravelly debris, they sometimes occur relatively te the incoherent 
sand so as to leave no doubt of its being the bed wherein they were originally deposited, 
and on which they may be sometimes seen apparently in sitn^ as between Thanat*ua and 
Kiungee, and not only in this bed but in the beds Weath it, the same fossil-wood occurs, 
though in smaller pieces, and much less abundantly. The laiger logs are quite unrolled, 
but the smaller pieces are often rounded by transport, though never to the extent seen 
in the pieces of fossil-wood contained in the recent gravels. When this sand rises into 
hills, sides are invariably steep, and not unfrequently scarped, ei^osing a clean vertical 
section of sand with its cr|fit of gravel at top. This sand weathers into curious pinnacles 
wherever an isolated stone, sheu, stick, leaf, or other foreign body has afforded shelter 
from the direct impact of rain, and the incoherent rock all round washing away eventually 
leaves the protecting substance perched on a slender pinnacle of sand, which recalls the 
similar phenomenon of the “ earth-pillars of Botten” figured by Sir C. Lydl in the 10th 
Edition of his “ Principles.” 

In color this sand is greyish, very fine and uniform, and with only a certam admix¬ 
ture of impalpable argillaceous matter forming, where exposed to traffic, a fine dust, or, 
in the beds of streams where the ai^llaceous portion has been removed by water, a clean 
silver sand very fatiguing to travel over. Though the sand I am describing unquestion¬ 
ably contains silicified wood, yet it seems probable from the great abimdance of large 
trees strewed over the surface, that they existed more plentifully in that topmost j^rtion 
which has almost disappeared through denudation leaving only these bulky memorials behind 
it, than elsewhere. The structure of the wood has been to a considerable extent obliterated 
by decay before its mineralization was effected, and all that can be definitely said of it is 
that the wood is exogenous and not a conifer. I have remarked but one species in Frome, 
though the Burmese, &m trivial distinctions in color and weathering, affect to recognise the 
modem Enjin (Hopea suava) and‘the Thiya (Shorea obtusa^f on identification, of course quite 
illusory. This wood nowhere exhibits any traces'#f marine action as might have been 
anticipated had it floated about till water-logged in a brackish or purely smt estuary, and 
hence it may be inferred with considerable probability that it floated about in a fresh¬ 
water sea, or chain of lakes fed by a riugrish stream, till it sank where it became 
ultimately silicified. It must at the same time be remembered that the wood found in beds 
containing marine fossils is also free from mrforations, but these me small piecM, much 
rolled prmr to their entombment and raobaoly under conditions oh some sub-marine bank 
unfavorable to the presence of either Tkolas or Teredo, In some pieces of fossil wood 
I have noticed minute tubnlar cavities (perforations P) about ‘02 or less in diameter, whi^ 
might have been produced by some inseot whilst the tmi^ was still stanhi^,, but such 
cases are rare. Associated with this sand, and forming sometimes iiregular beds in it, or more 
frequently lenticular courses, now thidrening, now thinning out, occur some hard sandstones, 
sometimes very fine grained, at others a pebbly grit, or even coarse conglomerate. EiO regular 
position in the sand can be assigned to these s^rdinate layers, but th^e fine hard sandstone 
often oconp^ a high position in the deposii^ whilst a coarse conglomerate is not nn&equentiy 
met with towards its beuM. Both sandstone and conglomerate are usually ridily charged 
with shark’s teeth of smtdl size (Laima), the con^omerate being usually ossiferous as 
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weUi' tliotigli tbroQghout the deposit the ocouxrence of bones is irregular, capricious, 
s^loeaL 

A good section displaying the relation of these grit-courses to the less coherent rock 
around them, is seen in the hilw about three miles east of Shuebandor, or about fifteen tailes 
east of Alfin-mio. The hills are here straply out in the bed I am describing, the snrfhoe 
being covered with the usual gravel, wim abundance of silicified wood and ferruginous 
concretions, the former completely blocking many of the deep gullies cut on the hill side. 
Strewed about here may likewise be seen numerous lustrous fragments of iron slag, from 
the native furnaces once scattered over these hiUs. The sand here presents its usual incohe¬ 
rent, typical character, but a compact sandstone, passing into a coarse gpnt in patches, is 
someWMt* freely developed in irregular lenticular courses in it. On the surface of the inco¬ 
herent sand at this spot, and evidently weathered out of it, I picked up a fragment of the 
lower jaw of a deer, and from the immediate vicinity I collected mammalian bones, mostly 
ill preserved and fn^aentary, shark vertebra and teeth, and chelonian plates (Colotsoehelm 
and two spedes Mwya). In the great slabs of grit lying about amidst the debris of the 
wasting sand which enveloped them, shark’s teeth were plentiful, accompanying mammalian 
bones and fragments of wood, many of which had been perfectiy roun^d by attrition 
before they were embedded. These pieces of wood are, however, not common. Another 
locality where bones are still more abundant is one-half mile north-east of Talok, or fourteen 
miles north-east of Thaiet-mio on the east bank of a stream not marked on the map. Bones 
are here frr from scarce, but ^ble and ill preserved. They occur both in the mcoherent 
sand and also in the coarse grit and conglomerate associated with it, together with shark’s 
teeth and small pieces of wood. At this spot there is a good deal of coarse conglomerate, 
and in accordance with the indications afforded by these coarser beds wo find the bones 
of a larmr size, and many of these much rolled and abraded fl[>efore they were finally 
embedded. Here I got a fragment of the lower iaw of an elephant, together with fragment¬ 
ary portions of the limb bones of that animal, all imperfect either from original violence or 
subs^uent decay, the former cause certainly operating in some instances. 

I may here remark that the bones found in this group (within the area 1 am now concerned 
with) are not all in the same mineral condition. The majority are somewhat imperfectly mineral¬ 
ized and consequently decay very readily when bared to the atmosphere by the wasting of the 
surrounding rock, and this I am convinced^ is the reason of so few bones being found on 
the surface, even in snots where the rock is seen to contain them somewhat plentifully. 
A few firagroents may here and there remain, but most of the bones noticed by me were so 
tendmr, that it was clear that a short exposure to atmospheric action would reduce them to 
crumbUng masses, which would break up and leave scarcely a trace behind them. A bone is, 
however, nere and there found in the water courses well mineralized and cfllnulatod to defy 
atmospheric action, but the scarcity of these fragments attests that such is not the usual 
condiimn of bones in these beds. !l^at these well mineralized bones are derived from the 
same beds as the more finable raes is undeniable. The best mineralized bone perhaps met 
with was tile part of a deer’s jaw above mentioned, and this most certainly was derive from 
the Bofr incoherent sand whereon 1 picked it up. The astragalus of a ruminant CCervine 1) 
found also by me during a former season^ was in like manner an isolated example of well pre¬ 
served bone, though being found in a small stream its parent bed was not demonstrable. In 
Upper Burmah vml mineralized bones are probably more common to ju^e by those which have 
been at various times collected there, and the difference is merely tiie result of different cona¬ 
tions at the time of their deposition, such as we might expect to prevtul, and depending pro¬ 
bably on the irregular access or supply of silica in solution. That the supply of this sU^ 
must have been at some period abundant is testified by the enormous amount of wilicifiAd 
tranks everywhere met with, but the horizon of these is certainly higher than toat at which 
tiie bones in question occur, and althoimh small pieces of silicifi^ wood occur commingled 
srith tim bones, it does not therefore fiiuow that the same abundant effusion of silica took 
j^Uce at tile time of their depraition as subsequently occurred when whole finests were silioi- 

and this I should be inwn^ to r^ard as the true e:^lanation of this condition of 
tiie bones in this sand, etz., an insufiSment supply of silica in solution. 

t a^rule, it is not, however, in tiis sand but in the coarser and m<ne coimlomeiatic beds 
i bswes seem mostly to occur, of which a good instance is seen n^way between 
Omoukaad liemB} some 19>1}ules east-south-east from Thaiet-mio. Here a great bed of 



PART 4.] Theohalti: Beds with fossil wood in Burmah. g3 

conglomerate is seen dipping SO° soath^east in which I noticed the tusk of a snutll elephant, 
but too liable to he ertracted from its hard matrix, together with other bones, all in a poor state, 
and more or less iigored by rolling about on a coarse shingle before their final consolidation. 

Next to the presence of sUidfied wood, a remarkable development of concretionary 
peroxide of iron seems to characterise the sand I am describing. The ore occurs occasionally 
as a thin band, up to perhaps a thickness of three inches, breaking up or jointing into 
rhomboidd concretionary masses of different sizes and shapes. More usudly the ore occurs 
in the form of variously shaped concretions from one to four inches in length, though occa¬ 
sionally even larger. These concretions are found in both the sand and conglomerate, to 
which last when numerously developed they impart a peculiar varnished look, which might 
sometimes be almost styled (but for the technicality of the term) viscons or slaggy. The 
more usual shape of these concretions is flattish oval or amygdaloidal, but they occur spherical, 
culraidal, cylindrioal, with both flat and hemispherical ends, discoidal and any intermediate 
form, but always symmetrically proportioned, and the result of a wgregative action or pro¬ 
cess in the clayey and ferruginous components of the bed when in a plastic condition. Of 
whatever shape however, their structure is extremely uniform, consisting of an external crust 
of concentric hyers of brown hagmatite surrounding a kernel of pure white or yellowish 
clay, lying loose and shrunken in the interior. 

Externally these nodular concretions are roughened from the adhesion of the sand enve¬ 
loping them, but this rough crust scales off readily, leaving their surface perfectly smooth. 
Internally they often present a blistered appearance from the mammillary crystallization 
of Limonite which lines Ihem, becoming on exposure to the atmosphere and rain lustrous mid 
varnished. Where the bed has been of too harsh a character to permit the regular se^- 
gation of the ore, it is found lining sinuous cavities in the coarse matrix, leaving flat, 
approximating walls, elldently produced by shrinkage, which gives such portions a very 
peculiar aspect and one which simulates a viscous condition. In some places even a botryoidal 
structure is induced where the rock is less coarse.* 

The thickness of this upper sand cannot be closely estimated, but 40 feet is probably 
more than the average thickness of what now remains of it. 

(b ).—^Bdow the last described sand occurs a deposit of very uniform character composed 
of pale silty clay which passes upwards into the overlying sand. This silty clay is very 
fine, thin bedded and homogeneous, with merely a few strings of sand here and there, and 
an occasional snudl pebble in the sand. It is everywhere seen at the base of the last bed 
into which it seems to pass, though their respective characters constitute a good means of 
demarcation between them. It is entirely devoid, as far as observation goes, of organic 
remains. A good section of this silty day is seen south of Thanat-ua, between Al&n-mio 
and Eiungald, W the bed presents no special point of interest. 

It is also largely exposed in section If miles east of Tslok on ascending out of the 
stream (previously noticed as unmarked in the map), but it merely presents the same uniform 
character and absence of fossils, which distinguish it elsewhere, where the upper sands have 
been completely denuded so as to leave exposed a large area of this bed, an unomating country 
is the result, possessing a marked chortufler. The sur&oe of the country does not there 
greatly differ in appearance from that seen within the area of the alluvium, and it would not 


* Under tbe Bonnese role this ore wu exteneirelr smelted, but no Aumaoes are now anywhere at work in the 
district. Remains of Atmaoes whleh were merely rectsngnlsr kilns, eat In the Arm aUarlsl clay of tome steep 
bank, which gave easy nccess at top fiw replenlahiiw ore and fbel, end below Ibr withdrawing the jaodaots, sre 
nmnerone dwut Shnebandor, Kinngsld, and Yehor, together with slag-heaps, sometimes of no inoondderable 
dimensions. Throughout the area of theM upper sands, however, slag may be found here and there soattered abmt, 
aa the iron-workers shifted their scene of operations from epot to sm, wherever ehsrooal and ore was for tile time 
most identUnl. The works mnst have in nmny oeeee been conducted m the diy eeason only, as the heaillu of some 
frunaoee still stancUng open into the beds of etreama which duifim ntin would oertidaly have found an entranoe 
to them. The blowing apparatus was probably the efibotlve ven!t«arcyttader bellows formed of large bambooe still 
In use in the dlsttiot blsoksmithi, bat the oldest Inhabitant could give me no narticulsre of the mannftotnre, 
ae none of the olaaB of Irmi-smeltere now remain In the dlstrlot. The fntrodnotion ot English iron sad steel hu 
doubtless been tbe m^ eanee of the abolition of this branch of Industry, aided by the harsh and Icjnrlous systsra 
of the Burmese offiotals during the early etro^es with the Britiah, but in some plaioea it was alleged that the iron- 
workere had fled the conatry to avoid bring forribly transported toUaUntta to make Iron fr» tile tenihle forrigners. 
This may aeem very abanid, but thoae who know tbe Ingrained ereduUly and ignoranoe of AaiStiea will be Ineliaed 
to give some weight to the reason stated, though it is probable tiiat thia mr, strongly aa it may ones have opwated. 
Is no.longer fett, though the stats of the market and the price at iron now rnltiv in Pegu prevoiti the resnseMrion 
of thetraiie. 
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be e«^ in a limited space to discriminate tbe day in question from the ordinary alluvial 
clay of the valley. Where, however, freely exposed, it presOnts much the appearance of a 
* regur/ save in color, which is a pale yellowish-gray, quite devoid of any tinge of red which 
the aUuvid clay generally possesses, and equally so of the dusky carbonaceous hue of a 
n^;ur. From some peculiarity in its composition or hygrometric qualities it in dry weather 
opmis out in great cracks, and is always covered with a sparse crop of stunted grass in 
separate tufts, and a tree jungle of a peculiar aspect from the dwarfed character of the 
frees composing it, present among which are the Toukkian (Terminalia macroearpa), Te, 
{Diospyros. s^.), and the “ Sh&biu" of the Burmese (Phgllanthus emblica).* The oountiy 
around J<aidi comprising the doab between the Fade and Myo-hla streams is composed of this 
day with sparing remnanls here and there of the upper sands. It is laigely exposed, too, in 
the broad 'mley about Lepaldh (Let-pan-hla) and between that village andChouk-soung 
(“stone fi^”). Towards the mouth of the Myo-hla stream near Toukkian-daing, 
(Htouk-kyun-deing,) (this clay forms the open country and is dug for making pottery. 
It might here be readily mistaken for the alluvial clay of the valley, but mr the occurrence here 
and there strewed over it of small pieces of silicified wood derived from the denuded sands which 
once covered it. The thickness of this bed I cannot estimate, but I should not place it 
under 40 feet; how much more cannot be determined. 


(e ).—Below the last described clay, a group of beds occurs of rather varied character, 
resembling, to some extent, the beds both above and below it. It contains, though sparingly, 
the same description of fossil wood as the sands at the top of the group, and some of its 
beds present characters very similar to portions of those beds; whilst towards its base, it 
appears to pass insensibly into tbe lower group characterised by marine fossils. It is, 
however, generally very devoid of organic remains, though, as a convenient lower horizon to 
it, I have token a sandstone which is generally recognised where fSie junction is clear, by 
a few oiganic remains not very well preserved, among which a corsd (Cladocora) is most 
charactenstic, which we may regard as the highest member of the lower group. 


A section of these beds is seen in the Kini-choung (Kyeeneech)) above Mogoung, 
which may be token as illustrating their general character, and some portions so resemble the 
ossiferous sands and gravels of we upper beds that I searched confidently, though in vain, 
among them for like fossils. 

fUeieending), 

Febblr sandstone ... ... ... seen, about 

F^e siltj shale 


Veiy fidse-bedded pebbly sandstone 
Harsh sandstone, rather irregntar 

Compact yellowiw sUt with a central band of kidney-shaped nodules 1 to 2 feet 

In diameter ... ... ... ... ... ... ... a 0 

Gravelly sand • •• tet till ••• see 0 2 

Yellow pebbly sandstone ... ... ... ... ... ... 8 0 

Febbly conglomerate, loose and gravelly... ... ... ... ... (afew feet). 


60 

8 

16 

0 


74 9 

* This sectioU, though not a thick one, will illustrate the general character of the upmr 
portion of this division (ej. The silty shale much resembles the shale in division h, whilst 
the sands equally recall the uppermost sands, dose on the horizon of the above section 


* The clay above desoilbed and the sandy beds of the same group, respectively, offer good instances of the 
connection of particular soils with particular kinds of vegetation. ^ generally does this hdld good in Fegn that in 
some Instances affords a good empirical criterion of the geological formation beneath. In the area of the fossil- 
wood sands, the most promment tree is the Eng (Dipteroeamu prondj/iwaA and this tree so commonly affects a 
sandy soil that the Burmese call such soils, whether within the lunlts of the fosw-wood sand proper or, the aohe of 
detmal acoumulations skirting the hlUs, “ Engdatng," or the tract of the Eng tree, and though, of course Eng trees 
are found on other descriptions of sou, yet It is on this sandy belt that the Eng flourishes most vigoronsly firom 
probably being there less competed with oy othm trees, well fitted as it for a sandy soil. The *' Thiya'* fSkorta 
ofihua, waU,) the “Kanyin” (J>^t«roearpu» olofa, Wul,) and the “Engyin'* swim, Wall,)'eqnwy aflbot the 

eaUdy "Engdalng," though not in snmolent numbers to characterize the forest. On the other hand, these trees 
abhor the em desraibed above and are most miserably dwarfed on it. Ihe Toukkian fTmuinatia maeroemyaJt 
thobgbdwaifM,seeina to answer best on tbls clay, bnt from some eause or other it does not seem fkvorable tovegetanon. 
I liraik this most be dne rather to its hygrometric propertia^ than to any Injurlons ingredient in it, and that if 
arai^^ irrigated, it woidd give better promise to the cnltivator than the densely wooded sands to which it offers 
so u contraat, 

Bsndbooe are not usually much fieveloped on the. Engdalng, and a atrlking demaroation is not nnfteiinently 
eeenwhem'toe ifogdnhig meets tha boundary of the older beds on which bamboos fioniirii with great Inxnmnee. 
The Bunnese^are Iwly alive to this fUot, and if an enquiry is mode regarding a vMlage, say, if it stand 'withfai the 
Engdalng, wiB auaww it negative^, /Stt is among the bamboos," an expresirion quite equivident in their minds te 
sa^g itis not on the Engdalng where bamboos are rare and never are the characteristic vegetation. 
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mu8t probably be placed the ossiferous beds, at the top of the river reiwh above Talobmlior 
(Keng-yua in map), yellowish sands pebbly at top and passing up into rather soft conglo- 
meratio sandstone oonwning bones, both munmalian and chelonian, shark’s teeth and 
vertebrae, fossil-wood and rolled fragments of oysters and other shells. 

A small but instructive section is also seen of these beds in the Myouk Naweng, a little 
below Thambyagon (Tham-bya-ga-gon), where pale silty shales are seen supporting a great 
thickness of rusty incoherent sand traversed by thin layers of shale and a coarse quartsosc 
conglomerate with clay galls and cavernous hollows incrusted with a layer of the brown 
bamatite, as seen in some sandy beds of the upper division (a). In this conglomerate I found 
mammalian bones, shark’s teeth, and a small log of fossil-wood about two feet long of very 
MTTiiUr character, though less completely minerSized than that found so abundantly in bed a. 
No other fossils were ^scemible here, nor, as a rule, throughout this division, though towards 
its base, sandstones come in containing marine shells and corals, though neither plentifully 
nor well preserved. These marine beds, however, are naturally ‘inore connected with the 
great group which follows immediately Wow the present, and which nowhere contains the 
fossil-wood so characteristic of the present group. 

It only remains to add a few words on the very close restriction to the eastward of 
fossil wood after leaving the area of the fossil-wood group. Nowhere within the area occupied 
by ^is group is fossil wood, in pieces of the largest dimensions, more liberally distributed 
t.Rftn along the eastern margin of the deposit along which it is eveiwwhero found abundantly, 
but directly the boundaiy of the ^up is passed there is an almost complete absence of 
fossil wood, even in moderate sized pieces. A very close and careful search in some of the 
larger nullas may result in finding a ^iece here and there for some few miles from the 
boundary, but that is all, and the question at once presents itself,—^has this fossil-wood sand 
extended formerly across the ranges to the eastward and to the Sittang Valley, or was its 
extension in that direction limited by a boundary somewhat cowesponding in its general 
direction with the present boundaiy of tiie group P Without any detailed knowledge of the extent 
of the group on the eastern side of the Pegu range, we know the single fact that this 
fossil-wood group occurs in the Sittang Valley, and this and the jiresum^ conformity of it 
with the lower group which constitutes the bulk of the inteiwening ranges of hills, would 
strongly lead us to regard the group as having once stretched uninterruptedly from the valley 
of the trawadi across that of the Sittang, or over the entire country bounded to west and 
east, respectively, by the Arakan and Poung Loung chains. That this must have been the 
case with the great bulk of miocene rocks so largely developed in this part of the Irawadi Valley 
is certain, but one argument, though a negative one, is, I think, sufficient to make us pause 
before accepting the idea of a continuous extension of the fossil-wood bed over the same 
area as those of the group below it. This argument is the absence which I have alluded to of 
fossil wood for a distance not far short of 60 miles, that is, throughout the entire breadth of 
country occupied by the precipitous hills and tortuous streams of the Pegu range. When we 
reflect on the large size of some of the silicified trunks which may be said to strew the 
country along the eastern boundary of this group in Eastern Prome, and the abrupt 
cessation of any save the veriest traces thereof, and these but for a short distance from tne 
boundary, and consider also the inmerishable character of much of this fossil wood as 
evinced by its abundance in the hard and well worn gravels^ of the^ Irawadi Valley, we 
are irresistibly led to question the former extension of this fossil-wood bed across a 
belt of country wherein it has left no traces. The evidence is about as forcible as negative 
evidence can be. Additional weight is also given to it by the fact, that its admission presents 
no difficnjties, but quite harmonises with the process which. the geological history of 
the district seems to indicate as having occurred. We have only to sup^e that the 
deposition of the vast series of miocene rooks developed in Pegu preceded uniformly 
(during, possibly, a synchronous elevation, in a gradim manner, of the ocean bed) till 
the entire series, save the topmost members, had been deposited. Lacustrine conditions 
we may now presume to have supervened over portions at least of so large an area, and 
the elevation of the Pegu ran^ of hills commencin|; about this time would cause the 
first land to appear on a low belt of country occupying in its general arrangement the 
present tine of the Pegu range. ^ other words, the deposition of the uppermost beds 
of the group and notabte of the fossil-wood sands would be arrested along a line of country 
not greatly differing mom the present boundary of the gronp. The elevation of the 
Pegu range and its corresponding disturbance of the adjoining strata certainly continued 
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down, to a period subsequent to the final deposition of the fossil^wood group, thougit from 
the mineral character m the upper beds, any movements they have Men subject^ to aro 
witih dignity determined, and these movements may have, to some extent, interfered 
with the effect of a coup d'ceil, but from several points of elevated ground beyond the 
area of the fossil-wood beds, I have been struck by the manner in which those beds 
were spread out; on a lower level, in a fashion strongly su^estive of their accumulation 
under l^astrine conditions along a stretch of elevated country almost coincident with the 
present boundary. This is notably the case at the extreme north of the district near the 
yritiwh boundai-y above Teybin and Bilugon, and is also to be remarked elsewhere, though 
the forrat is so ^nse that rt is^ rarely one is able to get a glimpse of any large extent of 
country. Had it been otherwise than here supposed, it would bo extremely hard to under¬ 
stand how the imperishable testimony of ibssil-wood logs and fragments bad been so com¬ 
pletely removed from the hilly tract, where as a matter of fact they ai-e wanting. They are 
certainly tire hardest bodies met with, and having held their own among the quartzose rocks 
which comprise the bulk of the Irawadi gravels, must, a /brfiori, have no loss successfully 
wifTiatnod the destructive action of denudation amidst the softer miocene beds which 
alone are met with in the Pegu ranges. 1 need not, however, dilate more on this subject, 
which will be readily enough cleared up when the geology of those regions above the present 
British frontier comes to be carefully examined into which these fossil woods extend, and 
wherein they seem to be more largely developed than within British territory. 


MINERAL PRODUCE OP INDIA. 

Towards the close of the year 1868, I solicited from the Commissioner of Eumaon 
(and some other officers) information as to the quantity and value of the minerals raised and 
brought to market within their jurisdiction. Such local operations, where minerals are 
rmsra solely for local use, and in reality are never exported, or, only in veiy small quanti¬ 
ties, even transport from one district to another, taken separately, are of small importance, 
but when aggregated for the country at large, they represent an amount and value which 
must be very considerable. And these small local mining operations can only become known 
by the assistance of the local officers. To Colonel H. Ramsay, C. B., Commissioner of Kumaon, 
1 am indebted for the returns now given for JCumaon imd Ghi/rhvsal. The information 
has been collected, under his orders, by Mr. Lawder, Civil Divisional Engineer, Kumaon. 
Mr. laiwder was for several years one of the office staff of the Geological Survey, and 

J ossessed, therefore, a general knowledge of the subject referred to him, and has evidentiy 
evoted himself with zeal to the collection and preparation of information. 

I was, 1 confess, surprised at the quantities stated to be raised and the extent of the mineral 
industry. Viewed merely as a source of employment of labour, these returns show the equiva¬ 
lent of the continuous labour during cccry doy in the year of no less than 154 persons, 
and yet the effect is scarcely felt beyond the narrow limits of the province itself, excepting in so 
far aa this local supply obviates the necessity for imports of maforialB from elsewhere. 

MiNSBA.LoaicA£ Statistios ov Kumaok Division, collected under instructions from 
THU CouMissioKBB, CoLONEL H. Ramsay, C. B., by A. W. Lawdbe, Escjl., Civil 
Divisional Engineer. 

My endeavours to collect reliable memoranda of the mineral resources of Kumaon have 
not been so successfril in their result as 1 could have wished. The entire absence „of reliable 
native information, and the general anwillingness exhibited by tibe inhabitants to spekk 
at all on the matter, arising from the fear t^t any knowledge they might communicate 
would perhaps eventually be the cause of increase rental demand or of the appropriation 
by /^e Govemm^t of the land in which the minerals occurred, have presented many 
dmoultiM. The information obtained from the Bhoteeas was given with great reluctance. 

Owing alsp fo nnr having but little surplus time to devote to the full eli^dation of the 
sublet the memoranM supplied here are doubtiese somewhat imperfect and incomplete; my 
duties, idthough eonrying me to all parts of the Kumaon ffistrict, confine me (witii some 
exceptuma) mofo particnWly to the roads, and^ I have probably* repeatedly passed by old 
mmes, or plaoen rich in laterals, in utter ignorance as to thefr existence, not to mention 
other places remote from any frequented thoroughfare. 
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In the following notes I am indebted to rafiorts idreadj published for much information. 

The prin ripal economic prodnets in tiie Kamaon Division are tibe following: gold; coppitr; 
lead; iron; arsenic; sulphur; alum; lignite; bdtumen; limestones; flags;slates, &c., &u. 


DBTAU op LoCAItlTIBS. 

Kumam District. 

CoFPEB. —Ores of this metal are found at Bai in O-ungolt, Sira Barabisi, 
Kharai, Kemokhdt (each bank of Luddya rivet), Geewar, &c., &c. 

Bai.—This mine is the principal one in the Putti. The ore is chicly pyrites, 
and ocours in a mi^iz of s^titio and taloose schist. I visited these minro in the 
winter of 1868<69, and ibuiul the mines closed up 1^ a hmdslip, and the mtrances full of 
water. The ore is extracted by means of drifts suehtly inoiining upwards to allow for 
drainage, as appws to be the mode most generally adopted tbroughont the hjUs. A 
specimen of ore which I found on the Sj^ot seemed rich. I also discovered slight trdces of 
copper pyrites in quartzite near Gunai in Athagaon Putti. 

Sira Barabisi.—Sira is noted for its copper mine. Dolomitic and taloose rocks form 
the gongue. The ore is a mixture of copper ana iron pyrites. 

Kharai.—Goul is the principal mine. The ore is worked in the same manner as at Bai. 
Steatite and limestone ate the neighbouring rocks, the former being the matrix principally. 

Kemokhdt.—Copper is found in sm^ quantity on the east bank of the Luddya 
river in Kali Knmaon. I have seen no sperimen of the ore. 

Geewar.—There is a small mine of copper in this Putti. 

At Gurung and Chinkakolly there are mines which have been closed for some time; 
also at Beler and Shore. 

Ibok. —Iron is found in Dhuniakote, Agar, Geewar, KutoH, Bamgurh, 
Tulli Bao, Chowgurka, See., Ac. 

Dhuniakote.—There are the remains of some mines or burrows just opposite the 
staging bungalow on the left bank of the Khyma river. The ore is hamatlte, purring in 
irregmar masses in quartzite. The rocks in the neighbourhood are more or less impregnated 
with oxide of iron, ^ese mines are now unused. 

There is also a mine south of Semulkhain this Putti, and another inUtehakote, 
both now unworked. 

Agar.—This Putti is very rich in iron ore, almost every village having its mine. 
The ore seems to be a brown haematite. It occurs here generally in beds or clefts, and 
sometimes in irregular masses. The rocks in the vicinity are silicious. Only a few of these' 
' mines are nom worked to any extent. 

Geewar.—Iron ocours in ouantity in the neighbourhood of the villages, Khetsari, 
Maelchour, Tilwara, Simulkhdt, Gudf, ana Burlgaon. I can give no opinion 
as to the kind of ore, having no specimens. 

KutoH.—At Suyalgurh there is some iron ore which is not at present worked 
to any extent. 

Bamgurh.—There are several mines in this Putti, some largely worked. 

^ Mungialdkb.—This mine in Tulli Bao Putti is highly esteemed for the qualify 
of its ore, which is raised in quantity. 

Chaugurka.—The ores of iron are plentiful in this Putti, and are worked in some 
places. 

At Jhirratoli in Dardn the ore is magnetic. 

Dechouree and Khdrpatal.—There is not, I believe, any ore, being at present 
worked by the Kumaon Ironworks Company. 

Gbafhitb. —This mineral crops out at Kaleemut hill to the north of Almorah in 
the Jagdsur range, and on .the spur of Bauinee Devee,> facing Almorah on the 
Lohughat road. 
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Gurhwal District. 

Qold: Son a Biver.-^This stream rises in the lower rao^of hills, and joins the 
Bamgunga river in Fntti Dhdn. Its stmds yield gold, and the bed of t^Bamgnnga 
below the junction is auriferous. Tho washing is not very profitable, scarcely averaging 
4 annas a day to each workman. 

Talnka Chandi.—The sands of the Ganges runnii^ through Chandi contain gold, 
bnt the profit arising from the washing is not greater than in the Sona river. 

Co^FEB: Bewalgurh.—The Dhanpur and Dhobri mines yielded largely in 
former times, bnt of late years operations have not been so vigorously carried on, owing to 
the intricMy of the workiims, and the idea pravailing among the miners that very little ore 
remains in the mines. The ores are principally copper pyrites, and grey or vitreous copper 
ore, with the red oxide and green carbonate in smaller quantities. The matrix is calcareous. 
Galena is associated with the copper ore. 

Nagpdr,—There are several mines here none of which appear to be at present worked. 

Lead: Dhanpnr; Tacheeda.—These mines do not seem to be extensively carried 
on. The ore is guena, and the matrix principally of silex, with varying proportions of 
felspar and calcspar. 

There are some lead mines at Ghertee in the snowy ran^ between Milum and 
Niti which have been long since deserted, also at Ballnm, Bainskum on banks of the 
Goree river, and Baidlee Baghir. 

iBoiT: TulH Chandpoor.—^This ore is probably a hsemaiito with a little magnetic 
iron. It has a slight repolung action upon the needle. 

Tulli Kaliphat.—This specimen resembles specular iron ore. 

Mnlli Dnssoli.—'The specimens ore highly magnetic and rich in ore. 

Tnlla Chandpdr, Bajbdnga.—This hsematito ore is largely worked. 

Nagpfir.—This ore ^ves no definite result with the ordinaty rough tests. It may 
possibly^ a carbonate of iron. 

Lohba.*~Here a rich heematite is raised in quantity. 

MuUa Nagpdr.—^The ore is most probably hmmatite. 

Fainn.—This ore is brittio and hard, and possesses the iron black colour and metallic 
lustre of tmq^etio iron, but the specimens or it &iled to affect the compass in the manner 
characteristic of that ore. It may possibly on analysis be found to contam manganese, and 
if so, it will be an interesting mineralogicm discovery. 

Iriakote.~It is difficult to say what form of ore this is. Its streak fails to convey a 
definite idea of its composition. It would appear to bo anhydrous form of sesquioxide of inm. 

Fokri.—These minw have been reported on by several officers. 

SuiiPHTJE.—*11x18 mineral is found both in Kumaon and Gurhwal. In the former 
district at Moonsyaree, in the northern parts of the district, and there are also some 
sulphureous springs, as that at Nynee Tal. In Gurhwal it is found in the range of hills 
to the north of the Findur river within a coxiple of marches of Nundpriag; also at 
Mulla Nagpdr and Mulli Bussoli, but is not now collected to any extent. 

Aesenic. —Yellow arsenic {Hurital) is found in the northern parts of the district near 
Moonsyaree. Only small quantities are brought down to the Bag^ur Fair by the Bhooteas. 

Lignite.— Indications of lignite apixear near Kanoebagh, close to Hnldwanf, and 
in the streams of the 8ub*Himalayas north of Kujibabad. They do not give promise of 
any workable fuel, and judging from the experience obtained in other parts of the hills, it is 
questionable whether any lignite deposits will ever be discovered of such extent riiat they 

will repay the cost of opening them up. 

<! ' ' 

An analysis of a specimen of theBanibagh lignite gave— 

Carbon 1*1 «•< ••• ... 60-0 

Volatile matter ... ^ »*« ... 36-4 

A. rt 
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The percentage of ash 3'6 oontnuts favomblj with that of the ordinary Indian 
coal raised in Birogal. The aah is colored by the presence of iron. 

Bituheit or mineral resin (Salajit*) occurs near the summit of many mountains whci'o 
it exudes from crevices in the rocks. 

In the neighbourhood of Kotegaon, Gowarsco, south of Paorce>iti8 seen near 
the tc^ lar^ cliffs, and is worked by natives by means of a scaffolding suspended fi'om 
the summit 1 am unable to state the amount of it extracted. It is generally used as a medi¬ 
cine and exported to the plains. Medicine from SalqfU is also prepared in Gungnli 
in K amaon, but I have been unable to ascertain from whence the mineral is originally 
obtained. 

LiMB8TOEB.-**The Kumaon hills are prolific in limestones, occurring both in immense 
masses, exhibiting various shades of color and structure, and as local Tufa deposits. 

In the newer geolo^cal formations of the lower hills it occurs sometimes as a light 
colored rock, and sometimes as the cementing material in conglomerate beds and very frequently 
as Tufa deposited by local springs and streams. The process of deposition is roost active 
during the monsoon rains, and in nearly all the springs emanating from limestone rocks, the 
waters are highly charged with calcareous matter. 

These tufaoeous deposits occur less frequentlv in the higher ranges, but there the blue 
hard limostemes generally containing silex, and other hard varieties, prevail, forming well 
defined beds, and m many instances they are the predominant rocks of some of the larger 
hill runs. Small blocks of very pure black limestones are sometimes to be met with, and I 
have picked up some small nodnfes of knnknr in the L u d d y a river. 

The principal material utilized by the natives of this district is Tufa, it being more 
easily burnt ana pmpared, and mom suitable to the kutcha kilns in ordinary use. Where it 
has m its composition a little iron it seems to yield a sti-ong mortar. 

The localities in which lime is manufactured are veiy numerous, the most important 
bemg Naini Tal and Jeoli for use in the neighbourhood. 

In the £harai range, half-way between Bagdsur and Aim or ah, from which the latter 
station is almost wholly supplied. At Chitaili, in the hills north of D war a Hat; at 
Simulkha, Baital Ghat, and BekoH, in the Kosl valley, for consumption in tlic 
works in progress in the new military station at Banfkhdt, and on the new cart-road from 
thence to Bamnagar. There is also lime, somewhat silicious, in Agar Patti, in the 
BethaG&r range, Athagaon, and in almost all the hills in Gungnli. At Bam^sur 
it skirts the road for miles. 

It also occurs near Ehyrna on the Almorah road, at Mnl wa Tal, and in Geewar, &e. 

BoOFrNfi Slates, &c. —Boofing flags am very plentiful in the district of Knmaon, and 
arc generally micaceous or chloritic. 

At Chitaili near Dwara Hat them are some beds of imperfectly metamorphosed 
clay slate, the planes of cleavage seeming to occur almost in the same lines with the bedding. 
The quar^ was formerly used to some purpose, but owing to the neglect of former owners, it 
has b^n mr years filled up wifh debris, so that I was unable to observe the beds properly. 

Clay slate occurs also in the neighbourhood of Naini Tal, hut the cleavage is hn- 
perfoctly developed. There are a coap]e of quarries on the banks of the Bamgnnga in 
cult FuttL 

Building Stones.— Almost everywhom in the district within easy roach good 
building stone is to be had. At Almorah fine-grained evenly-bedded quartzites and 
mica schist form the hill itself, and supply material not to be excelled for 

* Mr. Lawder la hero In error In calling Satajit Mtnmen or mineral reain. It is an alum or native anlpbalc 
of alumina which forms on the aluminotu shales in the hills. At least inch is the Baiajit of Nepal, where it is 
well known and from which it is more largely exported than from Knmaon. WondcrUil medicinal virtuof are 
attributed to it, and in the plains it often seals for its weight in silver {see NoUco of a native sulphate of alumina 
from the alnminous rocks of Nepal, by J. Stevenson, l&q., Snpt,, H. 0. Saltpetre Factories; Journal, Asiatic 
Society, Bengal, Vol. II, p. 321. Also On the alum or Salajit., of Nepal^by A. Campbell, AssisUnt Sur- 

f somdte., dm., ibid, p. 482; also a second noto by Mr. Stevenson, p. 605). Whether the mineral referred to 
y Mr. Lawder be roauy the same as Salajii I cannot assert.—T, 'OuDsail. 
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daraliiltty and facility of dressing. Mica schist seems to form the principal beds foi- 
some distance to the east and west of Almorsh, reaching to Dwara Hat and Massi 
on the west* Pali* Banikh^t* SfaM. X>evi, Dole, and towards EaH Kumaon 
to the east, and also in the formation of the Jag^sur and Binsar ranges to the north. 

At Naini Tal the stones used are limestone and clay schist. 

At Banikhdt a pale colored gneisa forms both a handsome and a lasting building 
stone. 

Sandstone is abundantly found in the lower hills. 

Gneiss and chlorite schist are used frequently as bnilding stones in the district. 

Jmports.-—The chief importations are Bosax (Tinoal),SALT, and Gk>Li> from Thibet. 

Bobax. —^Boraxis obtained from the borders of a lake at Chappakanni, a few koss 
from the Eylass mountain in Thibet. 

It is collected Horn June to September and sold at the sever^ fairs—Ganpa, Oupa 
Chin, Sibbillum, Chakra, Taklakhal, Dhabakar, Ac. It is purchased here by we 
Bhoot^ traders and brought down to Bag^sur. At these &irs the price of crude borax is 
something under 2 Bupees per maund ^bont 60 seers), and in the same^ state it fetches 
from Be. 8 to 9 mr (maund at the Bagdsur Fair, which is the chief mart of the 
J owari traders. The borax bought up here is despatched to Bamnagar, where it is refined 
and redisposed of at about Bs. 22 to 24 the miaund. 

Traders from the Byanse, Chowdanse, and Darma Passes transact sales of 
borax at Dharchula and Burmdeo, and the Gurhwal Bhooteas from Niti at Kanaseo 
and Bamnagar, nearly all the borax is disposed of to plains traders-^ 

Probable amount of borax brought through Milum Pass in 1868-69 ... 17,000 mds. 

Probable amount of borax brou^t through D arm a and By anse in 1868-69... 16,000 „ 

Probable amount of borax brought through Ifiti and Man a in 1868-69 ... 16,000 „ 

Tota& . . 47,000 mds. 


S^iiT.—Is found at Bhuduk in Thibet, and is sold at the same fairs as borax. It is 
also found at Silungsakka in Thibet— 

Probable amount imported vid the Jowar Pass (Milum) in 1868-69 ... 4.000 mds. 

Probable amount imported vid Darma and Byanse in 1868-69 ... 8,000 „ 

Probable amount imported v*d Niti and Mana in 1868-69 ... ... 2,000 „ 


Total ... 9,000 mds. 


Salt is purchased in Thibet at the rate of 1 Bupee 12 annas per maund (roughly 
measured) and sold at B^sur or Almorah at from 5 to 6 Bupees per maund. Almost all 
the salt imported from Imbet is consumed in the hills. 

Ck>Ll>.— Is found in many of the rivers in Thibet; at Silungsakka, Ac.; it is sold at the 
same fiurs as the salt and borax either in nuggets or in grains. About 10 to 12,000 
Bup^s’ worth is brought down annnallv, some of which is ^posed of in the hill 
districts (Kumaon and Gurhwal), probably about’ one-third, and the remainder most 
likely finds its way to Delhi, Agra, Ac., Ac. It is sometimes found to contfun copper. 



Returti of amant and value of all kinds of mineral produce brought to market or raised for private use in Zillah Kcxaok 

Jbr the gear 1868. 
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Cftptam G«istin, in sulnoitting the ntunerioai return fiom Gurhwal, 8a;s~* 

«I^e return has been prepared from statemeiitB sent in by Putwarees, and 1 do not thlnb 
any great relknoa can be placed on ^efir oorrectneM, as it must have been most difficult fur 
thm to find out the information required; the people worlting the mines themselves not 
having the slightest idea of the amount of ore they eraier coUect or sell. 

<< The copper mines in Dh&npur used formerly to bring in a much larger revenue than 
they now do; the fact being that the shafts have been sunk so deep into the hill, and the 
passages ore so intricate, that very few people will venture into them. The miners also say, 
that & mines are nearly worked out. 

" There is, one may say, no export of ores from this district, the mines worked only 
being suffirient to supply the wants of the people. 

I regret that I cannot give further information, but the agency at my disposal is 
too limited to enable me to collate any that I would deem trustworthy.” 

l»t July 1869. A. W. Lawdeb. 

The mines noticed in the above retnm have been known for many years. Some of 
them were noticed by the eariiest European visitors to these hills. And when there was no 
communication with othet countries and no supply of imported metal, they were naturally of 
higher importance and of greater value than m later years, when their rudely extracted 
products have had to contend with European manufactm-es. The earliest description, in any 
detail, of these sources of mineral wealth was given by Captain J. D. Herbert in 1829 
in his report on the mineral productions of that part of the Himalaya mountains between 
the Sutlej and Kali (Gigra) rivers, Ac. (Asiatic Researches, xviii. Ft. 1,227). In this tdmost 
every locality noted above is mentioned. Db&npur and Dhobri at that time paid a revenue 
or royalty for the right of working of Bs. 1,200 per annum; Ganguli and Sira of Rs. 1,000; 
Fokri Rs. 600. The localities, modes of working, and rocks are described, and the means 
of improvement noted.' The iron and lead mines are also noticed, as well as the non* 
metric products of tiie hills'—sulphur, alum, bitumen, graphite, borax, limestone, Ac., Ac. 
The inaccessibility of the various places is also noticed. 

In 1838 a report on the copper mines of Kumaon by Captain H. Drummond appeared 
in the Journal of the Asiatic S^ety of Bengal (vol. vii, p. 934). ^ In this he gives the results 
of an examination of many of the mines .by a practical Cornish miner, Mr. Wflkin, whom he 
had brought out from England. The Rye (Rm) and the Sheera (Sira) mines, both noticed 
above, are imecially refermd to. Mr. mlkin recommended certain trials and improvements 
in the mode of working, taking favorable view of the prospects. An experimental triid 
was then made with the view of opening a regular mine at Polo'i, in Gurhwal. Extensive 
workings had here been carried on mom ve^ early times, and one mine, called the Rajah 
Khfin or Rajah’s mine, had, it is said, yielded in one year more than Rs. 60,000. At the 
time alluded to (1838-39) the right of mining was leased for Rs. 100 per annum. Two 
galleries or adits were commenced, one in each of the two ravines in which the copper was 
known to occur, the Rqah Khan and the Chumitti ravines, about 500 yards apart. Cp 
to May 1839,149^ feet had been opened in the Rtgah Khan drift, and 111 feet in the otiier. 
(Lieutenant Glasfurd, On the experimental copper mine in Kumaon, Jour. Asiat. Soc., Beng., 
viii., 471). 

The work was continued until June 1841, when the estimated cost had been largely 
exceeded, and as no sufficient returns were obtained, the trial was finally stopped. At that 
time 267i fathoms of ground had been driven through. In addition to the two old mines 
noticed above, the R^au s and Chumitti (or Chaomattm), a new opening was made, when good 
specimens of ore were found near the surface, but at a depth of 16 fathoms th^ ceased, and 
at 2d| fothoms it was abandoned. Details are given by Mr. Wilkin as to other mines in 
the neighbourhood of Fokri also. 

The total sum expended in this experimental trial was Rs. 7,384 and there was realized by 
sale of copper during the time 779^. Mr. Lushington, who gives those details, mentions 
the real obstacles to success which have to be contenwd with. The distance of the mines 
from^ the plains, the slowness and expense of carriage, the cheapness and abundance of 
English copper, the superficiality of the mines yet known, and the want of coal are all 
serious drawbacks. 
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Records of the Gechgteal Bufocy of India. 

Ai iAe tim Mr. Laahiagion wrote (184B)&eiimascf DbJa^wen mted for Bi. l,7QO 
per tumam in 181S. Under the Ghoozlca Qormuaei^ the rent Bxed £ar mum &r tbo whole 
piwiBce wae only Be. 8,600 (Cmpen/e Biaeet), Smce 1816, when Kaaaon me conquered 




copper in Kamaon Be. 800 to 1,200, in Gnrhwal 2,086, higheet revenue jfor any year, 
for all mines being Bs. 5,417. Iron yielded an average of Be. 1,1^ in Kumaon, and Bs. 226 
in GbrhwaL (Account of experiment at Ehotree copper mine, with notices of other copper 
mines, by G. S. Liashington, Esq., (Tommissioner, (Jour. Asiat. Soc., Beng., xii., 453). 

Again, in September 1845, Mr. Sigismnnd Beckendorf, Mimng Engineer, reported on 
tibe same mines, (tlour. Asiat. Soc., Beng., xiv, 471). Dh^pnr and Fokri are on opposite 
sides of the Donliganga, each about six miles from the river, or 12 miles apart. DUnpur 
is 1,000 to 1,500 feet Ugher tium Fokri. Both are said to be on the same layer of talcose 
slate, which is stated to head north-15°-west. Mr. Beckendorf thinks, indeed, l£at the whole 
of the known copper minm from the Nepal terai on the east to beyond the Fokri mine on 
the west are only parts of one layer of no great thickness, sub-divided occasionally into 
two or three! lie considers the ore not to occur in a regular lode or vdn, but in a bed. 
He thought all previons trials had been misdirected, as they had been carried out in the 
old workings, and that new ground altogether ought to be opened up. He formed a mnch 
poorer idea of the chances of success at Dhobri, but considerod that evmything tended to 
show that at Fokri copper could be obtained in lai^ quantity. He nigently deprecates, 
however, Government attempting anything itself. 

In 1854 the Hon’ble Court of Directors sent out Mr. W. Jory Henwood, with two 
mining assistants and an iron smdter, to exmnine and report on the metalliferous deposits 
of Kumaon and Ghirhwal. After going over all the distnots, Mr. Henwood reported in 
May, 1856. This report pves much usefrd information, but, so fur as regards the copper 
mines, the opinion formed was most unfrvorable, and indeed oondemnatoiy. Speaking of 
Fokri he says: “ We have never before seen a spot so scantily sprinkled with ore,^ and 
offering, in our judgment, so small a prospect of improvement so extensively and perseyeringly 
worked.” (Selections from Becords of Government of India, Home Department, viii, p. 5). 
The greater part olf the report is devoted to the rich iron deposits of these hills, regarding 
which we cannot at present speak. 

Subsequently to this (1855) 1 know of no systematic attempt to work the copper mines 
of Kumaon or GhirhwaL The native miners have, however, continued to delve out annually 
in a wretchedly insecure way a few hundred maunds of ores, an amount which, from 
Mr. Lawder’s r^ms given above, appears to be more considerable than I should have expected. 

The Geological Survey has not yet had an opportunity of visiting these hills. 

Oofoier, 1869. T. O&DHau. 

COAL-FIELD NEAR CHANDA, CENTBAL PROVINCES. 

Since the first notice of tiiis field was published in the Becords of the Geological Survey 
(August 1868, p. 23), a systematic examination of the field has been commenced. It was 
fully pointed out by Mr. W. Blanford, in the paper referred to, that tiie country was in parts 
so covered that it would be impossible to obtain any satisfactory knowledge of its structinre 
without boring or sinking. Since then two skills borers and boring tools have been 
obtained from England, and further sets of tools are on their way. The season had already 
far advanced before these were available, and as the rains wm» then near at hand, it was 
considered desirable that thrae men who had just arrived, and who were therefore quite 
unacqumnted with the peculiarities of life in this country and of the climate in which thev 
were to work, should, fbr a time at leaa^ be k^t where good house shelter could be obtained. 
T^e work was placed under the immediate charge of Mr. M. Fxyar, M. E., Mining Assistant 
on. the Geol^cal Survey. And he wee requested to select spots for boring witmn reach of 
ClMBda or Kdlarpur dimng the rainV season and to keep the men at first t(^ther, so 
that^^ could aid one anotEsr in any difficulty which might occur at first starting. 

Hwdor Mr. Fryaris instrudjpns the first bore-hole was commenced in tiie beginning 
of June. ThfS bore-hole (No. 1) was very near the south-east corner of the boundary m 
the Nujigeena Bagh, north of the native town of Chanda. This bore was put down 80 feet 
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and was then stcqtped,. **aB ^ material bored ^throo]^ oontinued to be simply stiff sand.” 
A see^ bme was tibea oommeaoed about 290> &et 5»m the first, in the dire<^n of the dip 
of the zookB,><-«boat oast- Ifi^-north. This i»ssed through the fifilowing seotion 
Vast. fiiShm. 

IS 0 Of oohier UMHKMomi ikida. 

8 0 Soft of deap lad and pwnk ool<nir. 

ao 0 Of thesamamatanalMfininamNo. XbMe-lioIe. 


Total ... dO 0 

At this depth, 40 feet, this bore-hole was also stopped. 

No. 3 was then commenced at about 460 yards still farther in the direction of the dip, 
or into the field, or abont 627 yards from No. 1. This bore-hole was near the junction of 
the Ghimoor road and the Nagpur road, its bearing from No. 1 (magnetic) bmg about 
north-88°-ea8t. a 


This third boring gave the fbUowing section 

Feet. Inchea. 

6 0 Brown wdL ' 

11 0 Bed brongal. 

8 0 Brown land. 

1 0 Hard red Ironitone. 

17 0 Uglit pipe oUv. 

8 0 Dark brown olay. 

IS 0 Soft livlit eaadatone. 

8 0 Light brown aandatone. 

10 0 ^ht colored aandatone. 

7 0 Vero li|^t colored landatone, very coarse. 

8 0 Yellow landatone. 

4 0 Very dai^ aandj shale. 

86 0 Vanegated aandstone. 

10 0 YeBow saadatone. 

11 0 Brown aandstone. 

9 0 Variegated aandstone. 

1 0 Coaree Uown aand. 

86 0 Varienftad aandatone. 

8 0 light Dine ean^ ahale. 

8 0 Good coal (a), 

18 0 Veijr dark bine ahnle, n Utile sandy. 

7 0 Li^t blue aandetone, a Uttlc shaly. 

2-1 0 Light colored aandstone. 

1 6 Blaek ehale mixed with eoai (hj. 

IS 0 Light blue sandstone. 

1 0 Dsrk eand^ shale. 

0 6 Inm pyrltee. 

IB 0 Light bine sandstone and brown eoud mixed. 


Total ... 848 0 


**And as in this depth we have entered something of a Tabhir appearance, I have 
stopped this hole and commenced one at Ballarpar." (Mr. Fiyar’s report, aiUh July). 

Specimens of the coala passed through in this pit, os brought up by the pump, were 
assayed, and yielded-— 

Carbon. Volatile. Ash. 

M two ibet bed ... ... ... 47‘8 dl-O 11-8 

/’Sy eighteen tneh bed... ... ... 42-7 41’8 16*1 


both poor coals, neither containing 60 per cent, of carbon. Tbo beds are also from their small 
thiomess unworkable with profit at tlmt depili. 


A fourth boring was made near the dfik bungalow to Idle west by sonth, and between 
the bungalow and the Jhurpnt nala. This (No. 4) was put down with small rods, “and 
ought to have entered coal a few feet from the surface, if the apparent dm of rocks at the 
surface had been a guide approximately to the dip of the coal beds oebw." (Mr. Fryar, 28th 
July). This boring was about 600 feet to the west of one put down by Mr. Binme, C. E., 
in which coal was said to have been out. No. 4 did not readh coal, and was abandoned. 


Preparations were made for a fifth boring (No. 6) about, six c^ns finim ^ Jhurput 
nala on the 1^ bank, due soutii of the town of Chanda, but no boring was carried out here. 

At Ballarpar,^ the first boring alluded to above was put down on the left bank of the 
river, nearly opposite fbe point where coal is seen on the rij^t or Hydrabad side of the river, 
and alxiat 300 feet from the river bank. This position was injudiciously selected, as 
proved to be the case. It was in fact within the limits of the old bea of the river, and was 
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abandoned, as there was not tnbing “enongh to oany tiie hbla fhrongh &e itoming sand 
and gravel met with/' This dtffienlfy might owtaialy have been avoided, bnt nnfortimately it 
was not The piobabUiiy was in fact minted ont in April 1867 (see p. 26, BeooTds,Qeol<^cal 
Bnrverof India, 1868), where it is said, "in sinking npon the Chanda side, it is ^ nom 
improbable that only allnvial da^ may be met to the depth mentioned.” ^ The borine tools 
were then shifted to a second position where rocks were visible close by. This second hole was 
pat down aboat a mile to the porth-east near the town of Ballarpar (less than half a mile). 
This boring was carried down to a toted depth of 236 feet. 

The following is the section passed through 


Feet, mehes. 



0 

Bed iron biongel (moomm). 

0 

0 

Soft brown sandetone. 

0 

0 

Stronv bine oky. 

8 

0 

Very dark-red saadstone mixed wlHi Iron. 

10 

0 

Brown esndstono. 

SO 

0 

Soft light colored sandstione. 

18 

0 

Vsriegtitcd sandstone. 

1 

0 

Bed sandy olay. 

e 

0 

Dark colored sandstone. 

3 

0 

Brown sandstone. 

1 

0 

Hard red sandstone mixed wdtb iron. 

10 

0 

Brown sandstone, with mica. 

16 

0 

Yellow sandstone. 

0 

8 

Good coal. 

0 

8 

Black shale. 

1 

6 

GoodoMil. 

2 

0 

Very dark shale. 

3 

0 

Green looking sandstone (blndsh). 

10 

0 

Dark-blue sandstone mixed with shale. 

86 

0 

Light colored eandstone. 

0 

86 

9 

0 

Iron pyrites. 

Light colored sandstone. 

8 

10 

Black shale, a little coaly. 

10 

0 

Dark blue sandstone mixed irith shale. 

26 

0 

Light colored sandstone. 

0 

0 

9 

8 

Iron pyrites. 

I^hi colored sandstone. 

3 

0 

Black shale, a little coaly. 

11 

6 

Dark colored sandstone, a little shaly. 

1 

6 

Iron pyrites. 

1 

0 

Light colored sandstone. 


Total ... SS8 7 

Mr. Fiyar reported on the 16th September that he had ordered this hole to be stopped, 
" as we are evidently in the Talchir sandstones.” He adds, ‘ you will observe a similanty of 
section by comparing the second hole at Balla^nr with the No. 3 one at Chanda' (given 
above). There is mabtless some little similarity, but I am unable to see the proof that the 
bore was evi^ntly in the Talchir beds. 

The boring rods were then moved from Ballarpur to a point on the road to Moolk from 
Chanda, between two and three miles from Chanda town, near the place where the road crosses 
the Jhaiput nala, in the comer between the stream and the road to the south of the road. 
This bormg was in pn^ress up to date of last report, and on the 12th instant had reached a 
total depth of 124 f^t 6 inches. The following is the section 


Feet. 

Inohee. 


6 

0 

Loose sand and loamy soil. 

6 

8 

Yellow smdstone sad bends of ironstone, 

1 

8 

Hard red ironstone. 

7 

•0 

Tariogated saadstons^ with little clay. 

11 

0 

Soft r^ ironstone. 

0 

8 

Ironstone band. 

8 

0 

Bed sandstone mixed with bon. 

4 

0 

Ydlow sandstone. 

11 

0 

Variegated sandstone. 

1 

10 

Ybllow sandstone. 

0 

8 

Veo? hard red rook. 

7 

0 

Brown sandstone. 

IB 

0 

Light brown sandstone. 

B 

0 

Light ted sandstone. 

1 

0 

OixatK light brown sandstone. 

I 

e 

Hard tea rocks. 

10 

0 

VoriegiM sandstone. 

184 
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It is evident tihftt the lods have not yet tondied a bed of the coal'beaxmg rocks in this 
seetion, all.ihe beds passed through belonging to tixe Upper or Fanchet series. 

Beviewing the resnlts thns obtsdned, we find that borings at Chanda, which are repre¬ 
sented as having passed through the ehian thickness of the ooal>b«mng rooks there, and 
to have pierced the Talchir beds bdow, (in which no coal is known), exposed only two thin 
beds of poor ootd, so thin as to be nnirorkable. While at Balkrpur also, a boring of al^ut 
the same ^pth (alxrat 240 feet), said in like manner to have gone through the entire ^ok- 
ness of tibe c^*bearing rooks and to have pierced the Talohirs, showed also two beds of 
coal, one of 18 inches, one of 9 inches in thickness. 

It need scarcely be said that none o£ these are workable at the depth at which they 
oocnr. 


Before these explorations had commenced, Mtyor Lucie Smith, Deputy Commis¬ 
sioner of Chanda, who deserves the highest credit for the sustained zeal and intelligent 
earnestness with which he has prosecuted these enquiries, had a pit opened on the bed of coal 
visiUe in ^e Wurda channel, near Coogoos, or Chendoor. And from the coal there met with, 
at a deptii of 30 feet below the suifi^, a considerable quantity was raised for experimental 
trials to which I will presently refer. As, however, this pit was within the limits of the 
ordinary flood level of the Wuroa, a bore-hole was put down about 330 yards from the bank 
of the river and nearly in the line of strike of the beds. This bore-hole was carried out 
by Corpoi^ Carson, of the Public Works Department, under the orders of Mtyor Lucie 
Smith, Mr. Fryar also assisting. As was tolerably certain at such a distance the coal was 
found to continue. Tl^ bore-hole was sunk altogether to 121 feet 6 inches, and gave the 
following section 


Feet. Incbes. 

s 0 

5 0 

40 0 

8 0 

S 0 

10 0 

2 0 

3 0 

3 0 

3 0 

5 6 

13 0 

4 0 

6 0 

U 6 

11 6 


Siuftee elsjr. 
iidd nooriuiis 
Tarlegsted luidatone. 
WUte eeadstoae. 
Yellow olsgr. 
Dsrk-browa clay. 
Blsok shale. 

Dark sandj shale. 
OmiI. 

Blue shale. 


Cotd. 


dal 


mixed with iron pyrites. 


Shale. 


Coal. 


Total ... 121 6 

Below this is white sandstone streaked with black shale. It is much to be regretted 
that the boring was not continued, so as to ascertain the thickness of the formation here 
and the position of this thick deposit of coal in it. 

The coal having thns been proved here, a pit was commenced and is now in progress. 

A second bore-hole was then commenced about a mile to the south, and to the west a 
little south of the village of Coogoos. This is as nearly as can be the locality recommended 
W the Geological Survey in 1867, “about 300 yards west of the village of Googoos.*' 
l!his bore-hole was carried down in all about 112 feet, giving the following section 


Feet Inches. 


e 

0 

Surface oli^. 

22 

0 

Variemted sSadstoae. 

0 

8 

Ironstone. 

21 

e 

Variegated sandstade. 

a 

a 

Bedroek. 

4 

0 

Yellow clay. 

6 

0 

Dark eluly olaj. 

3 

a 

Shale. 

2 

0 

Crhuaon colored sandetone. 

17 

0 

eSar and sand. 

30 

0 

Ugnt colored sandetone. 

7 

0 

Variegated sandstone. 


Tof«! ... Ill 8 
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At tlufi depth the mineral lifter jammed, and i^r, sey^nl dajs* unavailing efferts to 
lift it, it Wnma evident that it would be neceasaiy to sink to it, in cnroer to relieve the tools. 
After some d^y this suiting is now in progress and had reached 27 feet on the I2th instant. 

Snch is the progress made in the exploration of the field. 

As regards the important question of the qualiiw of the coal, several trials have been 
wsdft.. coal raised from the pit neu ^oog^ °nt sent to the Great Indian Penin< 
Bular Bailway for ti^ in their locomotives, ^e Locomotive Superintendent rmorted <m the 
16th April ** that the coal was not suitable for locomotive putposes, being very dirty. Out of 
1 ton 4 evil, used, there were 6 cwt. of clinker, but very litue in the smoke-box, with a load 
of 4 cotton wagons and one brake. Gr^t quantities of sparks came out from the chimney, 
and remained on fire for some time. From BoorhaoMre to Ehundwa, the brake-van alone 
was attached to the engine, and although the fire nad been cleaned at Chan^ee station, it 
had to be cleaned again before getting to Dongetgaon (17 mUes). We could not get a welding 
heat with the coal, although it contains great quantities of gas.” 

The fire^ioxes on the Great Indian Peninsuhur Bailway are constructed to suit English 
coal, and the ennneers are accustomed to its use. There appeared, therefore, sound reason for 
not admitting tiiis to be a condnsive trial. More coal was rais^ and better cmI selected, 
and thiw was sent to the East Indian Bailw^ at Jubbulpore, some to the works in progress 
under the Public Works De{|artinent at the Jtanhon bridge, and also a second supply to the 
Great Indian Peninsular Bmlway. The results of thesi malB are decidedly encouraging. It 
is said that the coal took the tram on the Great Indian Peninsular Bailway down as far as 
Budnaira (100 n^s) without difficulty; the engineers w«re agreeably surprised with its 
capabilities, Wt did not ** think it quite up to the mark/' At the Eannan bridge works, it 
was tested in a small portable en^e. ** With Cfiiaada coal steam was got up in 1 hour and 26 
minutes with a consumption of S^bs., the coal being we^ a strong breeze blowing and rain 
falling at the time. The coal burnt dear, and freely and very dean, leavi^ a small residue of 
gray ash without clinkers, and evaporated on the average 4fts. of water per lu. of coal consumed. 
Wi& Englidi coal steam was raisra in 1 hour 36 minutes, with a consumption of 281b8., the 
coal being drier, but small and deteriorated from exposure, but the weather was fine at this 
part of the and very little wind. The evaporation was at the rate of 6‘6lbs. of water 
per Ifii. of coal.” The Chanda coal is specially noted as " barnii^''dean.” 

The trial on the East Indian Bailway was the only one in which the Chanda coal was 
compared with other Indian coal. “The Locomotive Superintendent report that the con¬ 
sumption of Chanda coal on two trials was 88^ owts. and 86 cwts. per 100 milra, against 
67 owts. of Banign^ coni for the some distance. The cod did not work well at first, partly, it 
appears, owing to the construction of the fire-boxes, and partly, perhaps, to the stormy weather 
in which one of the trials was made, but it did better afterwards.” 

These trials show the * duty* of the coal to be as compai^ with English coal (‘ small 
and deteriorated by exposure*) as 4: 6*6, or 61 per cent., or, in other words, it is fths worse 
than this English coal. 

As compared with Banigunj coal, its duty was as 67 to 87 (mean of 88*76 and 86*), 
or 77 per cent., or nearly ith worse. It is not stated what “ Baniguqj” coal was in use. 

The coal, however, did the work required of it, and in a satisfactory manner. 

These coals were, as mentioned, ftom the pit sunk at the Wurdah. To test the coal 
met in the ^ring near that river, as gd^en above, Mr. Fryar was requested to forward 
specimens. Of these he sent 83, one from each of the three-feet seams above the thi(^ coal 
and 81 from it, these bring taken from the material brought up by the pump at intervals of 
about a foot of sinking. These were all assayed carefully by Mr. Tween, and the results are 
gdven below. 

Thmre can be no doubt that assays of this kind, and more especially when made on the 
staff brdien down by a boring-chi^ are only approximate indices to the value of the coals 
tested. But in the absence of hatter means, they do afibrd foirly comparable results, and 
do unqumtionably give a fitir indication of the economical value of the coals. Indeed, the 
very results given above are singularly cimfirmatc^ of this. The assays were completed for 
several weeks before the above reaalta of actual trims were received. 



PART 4 .] Chmda Coal Fkldt Central Proviaeet. 

The 88 speamens tested gave the following mnlts :-~ 


DsptIUi Ac. 


A (lit tbree-flMt sntn) MV 

B (2nd three'feet Retm) ... tRf*4 

1 (fh)m thlekoonl). MV 

a . M'S 



It is obvious from these results that while this thick deposit oontains some lajers 
which are really good coal, there is also a kige amount which is scarcely deserving of the 
name of coal at all. Stuff with ^ and 40 and even up to 47 per cent of ash—useless 
matter—wonld he of no avail excepth^ for purely local demand in such work as lime>borning, 
&c., whUe coal such as is represent by No. 13 or No. 30, or the bed A, would hold just com¬ 
parison with some of the best coals in India. Probably the fairest way, seeing that although 
the specimens are taken from abont every foot, the actual matter assayed may really represent 
only an inch or two in thickness, is to take the whole as one, and take as the mean composi¬ 
tion the average of all the results (neglecting for the present the two ^arate 3 feet 
seams). And for comparison, to take % specimens of Banigunj coals from dimrent worked 
beds, and take the average composition or these. 

Taking the 31 specimens of the Googoos coal, the average result of all is— 

Carbon eaa ... 44-61 

Volatile ... ae« ess ••• 36-34 

Ash ... ... ... ... 20*16 

And the avera^ result of 30 Banigunj coals is— 

Carbon ... ... ... ... 60‘9 

Volatile ... ... ... ... 34-6 

Ash ... ... ... ... 14-6 

that is, the Googoos (avert^) coal is 6-89 per cent, inferior to the average of Baniganj 
coals as to the main heati!^ power, and it is also 6 per cent, worse than the «»««» as to 
amount of useless matter. Or, viewing it in another way, it may be said tkat out of the 
31 odd feet of ‘coal’ there are 28, smioh contain less carbon than the average (ff 30 
Banigunj coals, good and bad, and only 8 which contain more; while there are 23 i^ch con¬ 
tain more ash tlm the same average, and only 8 which contain less. 

These results appear unquestionable, io far as the coal yet obtained is concerned. That 
this coal will at the same time prove higUy us^ul cannot for a moment be question^; and 
we must only continue to seek for better. 

The results of these ixials showed the duty of Chanda coal roughs, as compared with 
Banigunj coal, to be as 67 to 87. Hie comparison by assay g^ives 46: 61, or the mal by rail 

S 'vee the work in the ratio of 1*00 s 1*29, thit by assay as 1-00: 1*14. As compart with 
nglish coal the duty was by actual trial as 4*0 to 6*6, by assay as 44-5 : 68, or, m the first 
case, as 1: 1*63, in the lattw as 1: 1*63. 
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Tliese are very close approximations and folly bear oat the Talue of such assays. Jn all 
. oanut it is worth notice alw. the result as per assay is more fhvorabie than that by actual 
tiriaL Both methods of testing the vidne prove that good osefiil ftml exists near Qoogoos 
in considerable quantity. 

The explorations are being carried on witii v^^our, and the results will be given from 
time to time. 

In connection with this enquiiy, it is necessary to give pnblidty here to some important 
facts regarding which considerable irdsapprehension has evidently existed. Ih the last 

g eneral report on the Central Provinces, the Chief Commissioner has (p. 76) said: ‘ so far eo^ 
as only been discovered in that known as tire Domnda series, and it remains to be proved 
whether the E^ptee group is carboniferous.' This name 'Eamptee group’ has never been 
published before or defined, and without such definition it is meanin^ss. It was a tern 
used by Mr. W. Blanford on a preliminary sketch map of the district, copy of which was given 
to the officer of the Geological Survey worldng at Cnanda for his information. But the term 
was simply one of convenience, and for temporary local use as applied to a series of beds in 
the vidnify, and signifying nothing more than those local beds; sunply a name used instead 
of a long phrase to convey certain peculiarities in texture, &o. It is one of many such short 
names which, used for a time merely locally, give place to others when relations and connec¬ 
tions have been traqed out. It has tiierefore never bem nubluhed or used in any other way 
than as a term of convenience among the officos of tWapolc^iad Department. It is in fact 
meaningless without definition. 

But having thus been used, I may state that the local beds so called " Eamptee” are nothing 
more nor less than the Centrd Indian representatives of the neat Panel^t series of rocks, 
so well seen in the Banigunij coal-fidid, still Mtter developed in we Jhetria, the Bokaro, tbe 
i^runpura, and other detached coal-fields towards the west, mid which series of rocks can 
be (ana have been^ traced across all the intervening country up to Nagpur and Ohanda. 

as in the Banigunj field, so in every other section exposed throughout the hundreds of 
miles of country (thousands of sqnare xniles) not a trace of coal is mown to occur in them. 
TUs induction is far wider and mr more satisfiMitory than any examination of the Central 
l^vinces alone could afford. 

But, in addition to this, accompanying this extension and development of the Panchet 
series, there is, from east to west, a st^y and continuous but rather rapid diminution of the 
true coal-bearing rocks (the Damvda senes), so that the formation wmch in the east is of 
several thousand feet in thickness, with more than one hundred beds of coal of varying 
thickness, and which is there easily divisible into three groups, on passing to the west so 
dwinffies down, that, in the NerWdda valley and in the Chan^ field, the totid thickness of 
the formation does not exceed as many hund^ feet as it was thousands in the east, and that 
all the coal is confined to a few beds of great irregnlarily near the base of the series. These 
fficts also have been established not by any local investigation, but by a long continued and 
systematiosJly carried out series of examinations and measurements spread over hundreds of 
miles of the country. 

There appears not a doubt as to the fact that coal does not occur in the Panchet rocks. 
There is eqtudly no doubt that coal is not in the Takshir rocks below, and the simple point 
that remi^ to be proved in the Ohanda field is the extent, thickness, and value of the coal 
which does accompany the Damnda rocks. If the country wwe not so much covered the 
limits of tiiMe rocks could readily be traced; there is no difficulty in distinguishing them. 
But unfortunately there is a large part so conceded by superficial deporits that ^e existence 
of these coal-bearing rocks must w probed out by boring. And this is wh^ is now being 
done tbe Geologi^ Survey for the Government of India. 

The borings at oWda and at Ballai^nr ^ven above are additional prcmfs of the very 
limited thickness of these rocks. The entw thickness of the Damnda series, as it there 
ei^lts, toge&er with all t|ie ov^lyiiw beds, is said to have been passed through within about 
Of this more than one-third beloags to the npperseries, leaving the thickness of 
the ento Damnda or coal-bearing formation here not more than tbo^ 160 i!rat! 


The IBXh Oefoher 1869. i<m 


T. O&PHau. 



PART 4<.] Lead in 'Raipur^ Meteorites: S^c. ]01 

T.wAti in iha Baipvs Lislrict: CbntbaXi Pbovutcbsi.—T o the uifonoAthm already given 
regarding lode of lead-ore but little hae been added ainee then {see Beoorda, Geological 
Si^ey of India, 18^, Ft. 2, 37). At the doee of the seaaon, Smart, the Bevenue 

Surveyor engaged in ^t dutnot, completed a email plan of the lo(^ty and iminediate vicinity 
on a Boale of four inches to tiie mw. He found fragments of the metallic vein scattered 
upon the top of the hill, on which it was seen for a distance of half a mile &om the spot 
wnere it was discovered Last year. * I3ie direction of dip of the vein could not be ascertained 
owing to the confused and foactured arrangement of the surfooe rocks.’ Mr. Smart had no 
means of proving the vein. 

1 hope to be able to have the locality examined this season.—^T. 0. 

Mbxeobxteb.—^T o the kindness of Dr. Waldie we axe indebted for the remaining 
portion of Ihe specimen of the Ehetree stone, (foil February 1867), which he analysed 
with care, and of which he gave an ezMlfont description at the meeting of the Asiatic Sodetv in 
Jime 1869. Dr. Waldie sfotes how it is jBrequently so difficult to procure specimens of these 
highly interesting bodies irhich fall foom the heavens, as the people, in their ignorance 
lowing upon such visitors as evidence of the wrath of their deitieB, oarefblly r^uoe to 
powder and dissipate all the pieces which they can procure. ^ Only two pieces are known to 
exist, both small; one is in the ooUsetiou of the Asiatic Sociefy, and this one in the collectiini 
of the Geological Survey. 

From Dr. Tachermak, the suooes^ of the much regretted Dr. Moritz Homes, in chaise 
of the Imperial Mineral Cabinet at Vienna, we have also received a very good specimen of 
^e foU which ocouned at Slavetid, in C^tia, on the 22nd May, 1868,and described by the 
inde&tigable Haidinger, on the 3rd December, 1868, to the Academy of Sciences, Vienna. 

Also, a specimen of the Ornans (Doub) foil, of which we were already in possession of 
a fine piece tmough the good offices of M. Marcou, (see Becords, Geological Survey of India, 
Febroaiy, 1869). This fall took place on 11th July, 1868. 

Also, a specimen of the very interesting stone which fell at Krahenborg near Zwei- 
briicken (Ffiilz) on the 5th May, 1869. 

These valuable additions to our numerous collection are further proofo of the friendly 
aid and cO'H)peration we have invariably experienced from the Geolo^ts of Austria. 

October^ 1869. T. Oldhau. 

ACCESSIONS TO LIBBAEY. 

FB01£ IST JnLT TO 30 th Ssftbubeb. 

Titles of Books. Donors. 

Ball, John.—A Guide to the Eastern Alps, 12mo., London, 1868. 

Babbakdb, J.—I. Bdapparition du genre Arethnsina, Barr. 

II. Fauna Silurienne des environs de Hof en Bavihre, 8vo., Leipzig and 
Paris, 1868. Thb Authob. 

Beactiiont, Elib de.—^B apport snr les progrhs de la stratigraphic. Becueil de Bapports sur 

rdtat dee lettres et les progrhs dra sciences en France, Boy. 8vo., 
Paris, 1869. 

Benbceb, Db. E. W.—Geognostisoh-PalsBontolbgisdhe Beitrilge, Vol. II, Part 2, Boy. 8vo., 

MWch, 1869. 

* V 

Bbnedbn, Van, and Gebvais, Padl.—O stdographie des Cdli^ vivants et Fossiles, Parts 2, 

3, 4 (with Plates), 4to., Paris. 

Bbbnabdi, Lb Cbbyalibb, A C.—M<nu«iaphie dee genres Qttlaiea et Fisckeria^ 4to., 

Parisi I860. 

Bbadns, Db. D.—Der mittlere Jura im nordwestiichen Deutsifoland, 8vo., Cassol, 1869. 
Bbbunbb, D.—The Industries of Scotland* their Bise, Propwas, and Prewmt Condition, 8vo., 

Edinburgh, 1869. 
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TUdes of Books. Donors. 

~AngflBT.—Matfeiatuc pour I’^tude des gladers, Yol. Vin, Ftert 2, 8vo., Paris, 
1860. 

Edwabds, MiLNB.'—Becheiches AQatomiq[U0s et Paldontoloeiqaes poor servir ft I’histoire des 

oiseaox fossiles de la Prance, Parts 26 to 30, 4to, Paris, 1867. 

Eichwaid, E.—Lethaea Bossioa, on Fal^ntologie de la Bussie, Part 12, with Atlas, 870 ., 

Stuttgart, 1869. 

G^tais, Paui.. —Zoologie et Falftontobgie g^ndrales. Parts 10 and 11, 4to., Paris, 1869. 

Hackbtt, T. E.—Geobgioal and Mining Eeport of the Gjmpie Gold Field, Pep., Gympie, 

1869. Thb Aitthob. 

HAvaHTON, Bbv. S.—The Three Eingdoms of Nature briefly described, 8vo., London, 1868. 

liAuaHTOir, Bbv. S.>-On some elementary principles in Animal Mechanics (From the Fro* 

oeedingsof theBojw Society, No. 94), 8vo., London, 1869 (Pamphlet). 

Thb Attthob. 

Kabstbb, Db. Gustav. —Beitrage zur Laudeshunde der Herzogthiimer, Schleswig uud 

Holstein, U, Beihe, Heft 1, 4to., Eeil., 1869. 

Labtbt, E., anu Chbistt, H.—Beliquiae Aquitanicae, Farts 8,9, 4to., London, 1869. 

Lindbhan, Mobitz. —Die arkrische Fischerie der Deutschen Seestadte, 1620—1868. Peter- 

mann’s GeograpUsche Mittheilungen, Supplement, No. 26, 4to., 
Gotha, 1869. 

LoTTNBB, Bbbubath Hbikb.— Leitfisdeu zur Beigbaukuude, Band II, Part 2, 8vo., Berlin, 

1869. 

MAB8H,G.P.~Man and Nature; or. Physical Geography as modified by Human Action, 

8vo., London, 1864 

Mabtibi ubd CHBKBZTZ^Systematisches Conchylien'Cabiuet, Lief., 190, 191, 4to., Nurn* 

berg, 1869. 

Mastbbs, M. T.—Vegetable Teratology (Published by Bay Soc., London), 8vo., London, 

1869. 

Muib, J.—Original Sanskrit Texts on the Or^iu and Histo^ of the People of India, their 

Beligion and Institutions, Yol. Ill, 8vo., London, 1868. 

• Govt, op India. 

Nbilbbich, Db. A.—Di^osen der in Hngam uud Slavonien bisher beobacliteton Gefass- 

p^zen, 8po., Wien, 1867. (Published by K. E. Zool. Bot. Gesellsch., 
Wien). 

Odlino, WiLLiAic .—a course of mx lectures on the chemical changes of Carbon, 12mo., 

London, 1869. 

OosTBB, W. A.,und F. vonC. —ProtOi^Heli^ca, Mittheiluns^n aus dem Berner Museum 

der Naturgesriiiohte, Ac., I, 4to., Bern, 1869. 

Paob, Db. David.— Chips and Chaptem, a book for Amateur and Young Geologists, 8vo., 

London, 1869. 

Ppbxvpbb, Db. L. —^Malakozoologische Bbetter, Vol. XVI, 3—8 Bog., 8vo., Caeael, 1869. 

Pictet, F. J. — ^Matdriaux jmur la PaldiMtoloffle Suisse ou reoueil de monographies sor les 

fossfles du Jura et des Alpes, 4th Serbs, Farts 10,11,4to., Geneva, 1868. 

Qdbnbtbdt, F. a.*—F etrefactenkunde Deutschlands, 1st Division, Vol. II, Farts 2, 3, with 

Atlas, 8vo., Leipz^, 1869. 

BoWQB, H. E.—8pectrQm Analysis, 8vo., London, 1869. 

So&uiCABN, J.«~Die IKatommi derbbhen Tatra, 8vo., Wien, X867.. (Published by E. E. Zool. 

^ Boh Geselboh., Wien). 

Twbk&OW> Majob Gbnbbal G4r*Fact8 and Fossils adduced to prove the ^eluge of Noah, 

8vo., London, 1860. 
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y^tles of Bookt. Ihnora. 

WaiTirBY* ’Tbe Toseioite Ghiid«>Book: A description of the ToaeWte Yalley and 

the adjacent region of the Sierra Nevada, and the big trees ol' 
California, 8to., Cambridge, 1869. 

WiKKSBTZ, JoH.—Beitrage zn einer Monographie der Sdarien, 8to., Wien, 1867. (Published 

by E. K. Zool. Bot. Gmlls, Wien). 


PXBIODICALS. 

American Journal of Condiology, Tol. IV, Part 5, 8vo., Philadelphia, 1869. 

American Journal of Science and Arts, 2nd Series, Yol. XLYII, No. 141, 8vo., New Haven, 

1869. 

AnTittlw of Indian Administration in the year 1867*68, Yol. XIII, Fart 1, 8vo., Serampore, 

1868. Thb Govt, of India. 

Annals and Magazine of Natural History, &c., 4tb Series, Yol. Ill, Nos. 17, 18, Yol. lY, 

Nos. 19, 20, 8vo., London, 1869. 

Engineers’ Journal, New Series, Yol. XII, Nos. 19—21, 4to., Calcutta, 1869. 

Geological Magazine, Yol. YI, Nos. 59, 62, 8vo., London, 1869. 

Journal de Conchyliologie, 3rd Series, Yol. IX, No. 3, 8vo., Paris, 1869. 

Neues Jahrbuch fiir Mineralogie, Geologie und Falmontologie, Parts 3, 4, 6, 1869, 8vo., 

Stuttgart, 1869. 

Novitates Conchologicae, I Abth., 34 Lief., 4to., Cassel, 1869. 

Novitates Conchologicae, II Abth., 14 Lie£, 4to., Cassel, 1869. 

Falmontographica, Yol. XYII, Part 2,4to., Cassel, 1869. 

Pbtebuank, Bb. a,—G eographische Mittheilungen, Heft. lY, Y, Yl, 1869, 4to., Gotha, 

1869. « 

Professional Papers on Indian Engineemg, Yol. YL No. 24, Boy. 8vo., Boorkee, 1869. 

Pbincipai, Thouason Coi.i<eqb. 

Quarterly Journal of Microscopicri Science, New Series, No. XXXY, 8vo., London, 1869. 
Quarterly Journal of Science, No. XXIII, 8vo., London. 1869. 

Becords of the Geological Survey of India, Yol. II, Fart 3, 8vo., Calcutta, 1869. 

Gbolooical Subvbt of India. 

Bevue universeUe des mines, de la Mdtallurgie, des travaux publics, Ac., Yols. XXY & XXYl, 

Nos. 1 & 2, livr., 8vo., Liege, 1869. 

Zeitaohrift fiir die geaammten Natorwissenschaften, Yol. XXXII, 8vo., Berlin, 1868. 

Nat. Hist. Soc., Hailb. 


Gotbbnhbnt Sbdbctions, Sdo. (fbom tbb Govbbnmbnts). 

Bbnoal. —General Beport on Public Instruction in the Lower Provinces of the Bengal 

Fresidem^, 1867*68, with Besolution, 8vo., Calcutta, 1868. 

Thb Gotbbnhbnt of Bbnoal. 


Beport of the Meteorological Beporter to the Government of Bengal for the year 
1868*69, with Meteorological Abstract for the year 1868, Pep.. 
Calcutta, 1869. Thb Gotbbnhbnt of Bbnoal. 


Bohbat. —Official CorresMudence rriatin^ to the System of Bevenne Survey and Assessment 
and its administra&n in the Bombay Preridency, 8vo., Bombay, 1869. 

Thb Bohbat Gotbbnhbnt. 


British Bdbhah.— >B^rt on Hospitals and IHspensaries for 1867*68: Extract ftom 

Irooeedings in the Home Hepiurtment, No. 263, Boy. 8vo., Manimain, 
1869. Chief Cohiosbionbr of Bbitxbu Bubhah. 
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Tittet of Boohs. Donors. 

Bbitish Bitbmah.—B ritish Barmah Orimmal Jastioe Bepori;, 1867 t Exiroct from the 

Proceedings of the Chief Commissioner, British Burmah, in the 
Home Department, No. 94, 8vo., Eangoon, 1867. 

Chief Couhibsiokbb of Bbitish Bttbmah. 

„ British Barmah; Home Department (Police) Annual Police Beport, 
1868, Boy. 8vo., Bangoon, 1869. 

Chief Comhissiokeb of Bbitish Bitbmah. 

„ Annual Beport on Criminal and Civil Justice in the Courts of the 
Beoorders and in the Small Cause Courts of Bangoon and Maulmain 
during 1868, 8vo., Bangoon. 

Chief Couuissioeeb of Bbitish Bubmah. 

t!ENTBAl. Pbovincbs. —Beport on the administration of the Central Provinces for the year 

1868-69, by J. H. Morris, Esq., 8vo.‘, Nagpore, 1869. 

Chief Commissioneb of Cbntbai. Pbovincbs. 

India.*— Selections from the Becords of the Gk)vemment of India, Home Department, 

No. LXXI, 8vo., Calcutta, 1869. The Govebnment of India. 

Annual Beport on the convict settlement of Port Blafr for the year 1867-68, 8vo., 
Port Blair, 1868. The Govebnment of India. 

,. Beprint, No. 15, of Becords in the Public Works Department. Progress Beport of 
Forest Administration in the Province of Oudh, 1867-68, by Captain 
E. S. Wood. Fcp., Calcutta, 1869. 

The Govebnment of India. 

Madbas. —Selections from the Becords of the Madras Government, No. XI. Beport on 

Public Instruction in the Madras Presidency for 1867-68, 8vo., 
Madras, 1868. The Madbas Govebnment. 

.. Selections fronf the Records of the Madras Government, No. XIII. Report on 
Uncovenanted Service Examinations in Madras Presidency, Boy. 
8vo., Madras, 1869. The Govebnment op Madbas. 

,. The Madura Country: A Manual compiled by order of the Madras Government, 
by J. H. Nelson, Esq., in five parts, 8vo., Madras, 1868. 

The Govebnment of Madbas. 

.. A Manual of the District of Yizagapatam in the Presidency of Madras, compiled 
by D. P. Carmichael, Esq., 8vo., Madras, 1869. 

The Govebnment of Madbas. 

Medical Depabtmbnt. —A Sketch of the Medical History of the Native Army of Bengal 

for 1868, by Surgeon Major J. T. C. Boss, Poolsc., Calcutk, 1869. 

Insfectob Genebal of Hospitals. 

Mysobe. —Beport on Public Instruction in Mysore for 1868-69, 8vo., Bangalore, 1869. 

Chief Commisbioneb of Mysobe. 

N. W. Pbovincbs. —Beport on Meteorological Observations in the North-Western Provinces 

of India, 1868, by Murray Thomson, E^., Foolsc., Allahabad, 1869. 

The Goveehment, N. W. P. 

OvDH.— Aimual Report of the administration of the Province of Oudh for the year 1868-69, 

8vo., Lucknow. Chief Commisbioneb of Oudh. 

„ Beport upon the progress of Education in the Province of Oudh, 1868, Foolsc., 
Luc^w, 1869. Chief Commisbioneb of Oudh. 

. Beport on tiie Police administration in the Province of Oudh for 1868, Foolsc., 

Lucknow, 1868« Chief Commisbioneb of Oudh. 

,, Beport upon the administration of Civil Justice in the Province of Oudh, 1868, 
Fdolsc., Ludcnow, 1869. Chief Commissioneb of Oudh. 
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TWsb of Booht. Donors. 

OuDH.—Beport on the administraiinon of Criminal Juetioe in the Froyinoe of Ondh, 1868, 

Fooise., Lui^ow, 1869. 

Chief Commibsioneb of Otjdh. 

„ Beport on the condition and management of Jails in the province of Oudh, 1868. 

• Foolsc., Lucknow,, 1869. Chief Couhissioheb of Oudh. 

Punjab. —Selections from the Records of the Government of the i^njah and its Depend¬ 
encies, New Series, No. Ill, on Boloch Tribes in the Dera Ghazi 
Khan District, hy Captain C. Minchin, 8vo., Punjab, 1869. 

The Government of the Punjab. 

„ Selections from the Records of the Government of the Punjab and its Dependencies, 
New Series, No. IV. Administration of the Bahawulpoor, Chumba, 
and Patowdie States. 8vo., Punjab, 1869. 

The Government of the Punjab. 

„ Selections from the Records of the Government of the Punjab and its Depend¬ 
encies, New Scries, No. V. Tea Cultivation in the Kangra District. 
8vo., Punjab, 1869. The Government op the Punjab. 

„ Annual Report on Meteorological Observations, 1868, by A. Neil, Esq. Fcp., 
Loodiana, 1869. The Government of the Punjab. 

„ Results of Tour in Dardistan, Kashmir, Little Tibet, Ladak, Zanskar, &c. The 
Languapfes and Races of Dardistan. Vol. I, Parts 1, 2, by G. W. 
Leitner, Esq., 4to., Lahore, 1869. 

The Government op the Punjab. 

Kooekbe. —Thomason Civil Engineering Colley, Roorkee. Annual Examination, August, 
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On thb Gboloqy of Modnt Tula in thb Punjab, by A. B. Wynne, F. G. S., 

Geolc^ical Surrey of India. 

The fine hill which forms the, subject of this brief memoir rises between the eastern 
termination of the Salt Bange proper and the outworks of the Western Himalaya where 
the river Jhelum emerges from them to traverse the vast plain of the Five JSivers which 
imited in the Lower Indus (or Sind) reach the sea near Enrrachi. 

It is one of three or four minor ranges, all of which form links more or less between 
the Himalaya and the Salt Bange. Of these the parallel chain of the Bukrala Hills 
to the north seems to ibrm the most continuous connexion ; but Mount Tilla exceeds them 
all in height, reaching an elevation of 3,242 feet above the sea. It runs generally north¬ 
easterly by east, commences abruptly at its western end, and continues ibence lofty for 
about ten miles, when it sinks rather suddenly into high ravine ground, with elevations 
of over 1,200 and 1,300 feet, for about twelve miles fbrther, past the extensive mined fortress 
of Bhotas. It terminates in low^ rounded hills a few i^ls beyond this point, projecting 
into the commencement of the alluvial plains ofthe rivfer Jhelum. It is widest where 
most lofty, having a base of three miles, but the exten^n of the range to the eastward is 
on an average not less than two and half miles in wid^. 

Neither the Mount Tilla range nor that of ^fprala to the north appear to have 
any strong relation to the drainage depressions of comitiy in their immediate vicinity, 
both of these ridges and the valley between being_ tnCtjUied by the usually dry or nearly 
dry courses of streams, occasionally powerful, as indicated by the depths of their gorges 
and great width of their sandy beds when the currents become slack. With the Jhelum, 
however, ordinary relations seem to exist after it has left the Himalaya; the direction of 
the Tilla range coinciding more or less with that of the river, and ^e ground falling 
generally towards the latter—except where one of the other chains or groups of bills inter¬ 
venes—on the southern side of the ridge- 

The existence of Mount Tilla as a striking feature of the country—^that of Chambal 
to the south, of the Bukrala ran^e to the north, and indeed perhaps of the whole Salt, 
Bange itself—is, through denudation, directly due to huge dislocation of the stratifi^' 
rooks, placing certain of the beds of greater or less strength in abnormal contact with 
others possessing different degrees of Resistance to disintegrating forces. The chief line of 
dislocation affecting Mount Tilla passes along its southern base, obliquely separating the 
lofty portion from the lower extension to Ibe east, and is perhaps continuous westward, 
though concealed, to the great fracture lying in the bed of the Boonhar river, which 
separates the adjacent portion of the Chambal range ftom the western termination of 
Tilla, completely discordant dips occurring on each side of the here constricted channel. 

As results of the forces, or of similar forces 4o j^ose, which caused this and other 
fractures, the whole strata of the country have been subjected to violent contortion, one 
of the finest curves being the interrupted anticlinal formed by the strata, of Mount Tilla 
itself and traceable round its western end nearly to the line of dislocation oconppng the 
4ower gorge of the Boonhar.* 


* On one of the enrty days of last April a somewhat sinEular occurrence was observed from the higher parts 
of Uount Tilla. The ^y was warm and bright, and a very strong breeze blowing, so mnch so that traveri^g 
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Tho denuding agencies acting strongly upon the varying consistenoi^ of the rocks of 
this countiy have not only produced dominant features coinciding with the principal 
contortions and dislocations, but in much more minute detail caused their stratification so 
to ^vem the forms of the ground that tho minor contortions in many cases become plainly 
visible in the ornamental hill-shading uwn the very excellent one-inch (to the mile) maps 
produced by the Topographical Survey. This is much most prominent in the soil tertiary 
rocks which form so much of the surrounding country stretching far into the outer Himalaya; 
and it is partly a consequence of the steepness of the angles at which the strata are inclined 
in various directions. A w'ide belt of these tertiary rocks is known to border much of the 
Western Himalaya. Those which underlie them in the hills between the Ganges and 
Ravee have also been ascertained and described by Mr. Medlicott in one of tho Survey 
Memoirs. Westwards or north-westwards from the Ravee river this succession has not 
yet been clearly worked out, but what is known renders it probable that the geology of 
this part of the hills will be found a continuation of that to the south-east. The very 
interesting Salt Range also exjjpses rocks older than this tertiaiy series which have 
not hitherto been identified with the infra-tertiary rocks of the Himalaya range. These 
lower roisks of tho Salt Range, however, exhibit local changes, going from east to west, 
chiefly by the admission of new zones and by increase or diminution of thickness, and 
present a marked absence of all metamorphic strata. Hence it becomes a fair inference 
that tho formations inferior to those of the tertiary belt above alluded to, and the con¬ 
ditions which produced them, had very considerably altered within the large area indi¬ 
cated ; and some knowledge of tho region wherein the transition commences would be 
very desirable. This region cannot be yet pointed out, indeed it may very possibly be 
entirely concealed by the newer rocks; but Mount Till a is one of the nearest known 
places to the Himalaya range whore the rocks next beneath the tertiary belt appear, outside 
or within its limits, as these may be assumed. These lower rocks appear only at the top 
and southern side of the lofty western part of the mountain, the extension of the ridge 
from this to beyond Rhotas being formed of the tertiary beds. 

The section afibrded by the bill is as follows in desc^mdiug or natural order:—* 


6 . 



(Sandstone and clays chiefly, with some 
Tertiary [ cougloraoratcbeds ... 

Nuramulitic limestone 
ilod shaly and flaggy zone, with > 
pseudomorphic crystals j 

Pscndo-limestone and compact sandstone zone 
Black-shaly zone 
Purple sandstone zone 
Purple shale and 
Red saline marl 


> 


1 


Sivalik 


Saline group 


Average thickness. 


C Only part in section, 
^ about 6,080 feet. 
... Maximum 30 „ 
f Very vari- ) 

- (able, about; ” 



160—200 
200 
250—300 
100 
20— 30 


a knife-edge surmounting a precipice of several hundred feet in height, it was found necessary to proceed on 
all-fonrti. The wind came iVom tho northward in such a way that much of tho nearly two-mi)es-broBd channel of 
the Boon bar river to the south just below the mountain would have been thought sheltered. So tar trom this 
being the case, it was horq only that tho gale seemed to take eii'ect, raising vast clouds of sand, completely 
obscuring the distant country, while on either side beyond the limits of the mountain where tho 
river course was not so sheltered the equally dry sand was not seen to rise at all- My guide observed, “ the winds 
are bom on TiUa," and it certainly seemed as if its great mass had so influenced the temperature of the air that 
the storm was local, or its strength limited to the vicinity of the miMintain: or it may have been an eddy behind the 
obstruoting hill-mass.—A. B. W- 


* For tho purpose of comparison with tho distant succession between the Ganges and Bavee, the following 
general section is abstraoted from Mr. Medllcott's Memoir 


Sub-Simalasan. Series. 

Upper. Sivalik 

Imddld. Nahun 

Lower ... ... Subathu 

Simalaean Series. 
Uametamorpme— “ 

Kroi ... ... KrolHill 

lafra-Krol ... ditto 

Blinl. Blinl River 

Tiifra-BUnl.. Simla 
Metamorphic 


... Conglomerates, sandstones, and cloys. 

... Lignite sandstones and clays. 

/ KasaoU, gray and purple sandstones. 

... -< Dugshai, purple sandstones and rod clays. 
(.Subathu, line silty clays, with limestone.— 


sea Limestones. 

... Carbonaceous shales or slates. 

.., Limestono and conglomerate. 

... Slates. 

... Crystalline and sub-cryitallinc rocks^^ 
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Comparing the two sections, it will be seen that the Nahun and Subathu groups, excepting 
the lowest portion of the latter, are probably unrepresented on Mount Tilla; purple sand¬ 
stones, if occurring at all, being quite inse|)arable from the*remaindor of the lower tertiary 
sandstones and clays, which, from their fossils, were identified by the late Dr. Falconer with 
the Sivalik rocks. 

But little of the nummulitie (P Subathu) beds are seen at Tilla; and there is no 
appearance here of the unconformity to their underlying strata recorded by Mr. Medlicott, 
though this %’ould not bo reason for its non-existence. Omitting the red shaly and fiaggy zone 
of Mount Tilla,—which is variable in thickness and not always present,—some parallel 
may exist between the calcareous pseudo-limestone with its underlying black shaly zone 
and the Krol and infra-Krol groups of Mr. Medlicott’s unmetamorphic Himalayan series; 
but even with the aid of that gentleman’s able memoir it would bo hazardous at present to 
attempt the correlation of these rocks. 

Several beds of the sections to the westward have-Reappeared at Tilla; notably the 
black-shale group beneath the nummulitie limestone, dbntaining all the coal and coaly 
deposits of the eastern portion of the Salt Bange, and which can hardly be said to be repre¬ 
sented by a few traces of dark coloured shale, existing where they ought to come in. 

The true red salt-marl of the Salt Range makes but a very poor show along the 
southern base of Mount Tilla. It can be seen in some p]^es near the villages ol’ Nara and 
Find Sevicki, but is greatly overrun and concealed by detrital accumtdations from the 
cliffs and hills above. Only 20 or 30 feet have been given for it in the section ; tin* thickness 
would, however, doubtless much exceed this if it could bo well seen. It is of the usual 
bright red color, and gypseous saline nature; but although salt has been muniifactured 
from the impregnated water it discharges, no actual rock-salt has been found in it. 

The upper portion of the marl is, as usual, purple, and more shaly, and is frequently 
seen at the base of the purple sandstone clifis. Its thickness, as estimated, may be too 
great, but allowance has been made for a portion that is unseen in most of its exposures. 

This shaly portion of the marl passes up rapidly into strong purple sandstones of exacdly 
the same color. They are generally fine grained, have no pelmles scattered througli them, 
and, from being somewhat saline, have white efflorescent;^ yielding easily to the weatlicr; 
they contain spangles of mica; and the stronger beds, frotk the ease with which they can bo 
dressed, are used as building stone. The thickness of this rock, from causes to be presently 
pointed out, is sometimes deceptive. It fonns a very considerable portion of some of the 
finest cliffs, where it cannot be much less than 300 feet, though in such situations its depth 
could be only estimated. ^ 

Next above the purple sandstone is a strong bapd of dark colored gritty shales and 
lighter colored sandy flags and layers (2); the whole haVi^ a lumpy aspect, and glistening 
with mica; the deposition surfaces are frequently RoRy and covered with black earthy 
films. In these beds anmlidan, crustacean or ftimid markings are numerous; and else¬ 
where they have furnished the earliest traces of distinct fossils in the Balt Range, these con¬ 
sisting of small bivalve shells as yet undetermined; strong ripple-marks also occasionally occur. 
Resting immediately upon this shaly zone is a massive band of compact silicioos sandstones 
and sun-calcareous rocks (3) of light color, often nearly white. Some of them are brccciatcd 
or pseudo-conglomeratic; and many, under the influence of th* weather, assume the 
peculiar fantastic forms of decomposing limestone. A specimen of the latter variety from 
Mount Tilla yielded on analysis, a^ording to Dr. Fleming, noai^ equal parts of white 
quartzose sand, carbonate of lime, and carbonate of magnesia. Their rough aspect and 
a peculiar surface appearance, as if likely to contain fossils, has led to firequent searches, but 
nothing of organic form has been found beyond the obscure tracks noticed m the foregoing 
group. The beds are frequently massive; this character, their strength and the association with 
softer beds below, having doubtless been the first conffltions that resulted in the fine cliffs 
along the southern &ce of the range. Many valuable building stones could be obtained 
from this group, and some are said by Dr. Fleming to h^.a high polish (Jour., Asiat. Soc., 
Becg., VoT. xxii, p. 266). 

The next overlying group (4) is largely developed only at the western end of the range. 
It presents a strong contrast to that just mentioned, being formed of deep-red flags and 
shales, sometimes spotted with green, the flaggy slabs being often studded with projecting 
angles of casts of cubic crystals, the mineral—in all probability salt—having been entirely re¬ 
placed by sand. The flaggy layers are frequently of light color internally, the bright-red hue 



84 


Records of the Geological Survey of India. 


[voL. III. 


being derived from the intervening earthy shale layers highly chai'ged with iron-oxides. The 
latter become more numerous upwards, until the superior portion o^ the band is found to con¬ 
sist entirely of crimson and purple cky or shale.* This group occupies a good deal of the 
ground from near Find Sovicki by Cnoya Goojaron-ki, and above Nara; beyond whioh 
place it passes to the north side of the mountain, becomes thin, and thereafter is seen W 
fugitively here and there as well as near the summit.* 

In some spots, particularly on the northern slopes of the mountain, vei^iges of the 
nummulitio limestone group (6) so largely developed westward are apparent resting either 
upon the red zone or, in its absence, upon tho strong band beneath. It is seldom at aU 
clearly seen; generally appearing as a thin white streak of debris, somewhat shifted and 
borne down the hill, and often overrun by other detritus; but at one spot, where rather 
. thicker than usual, it was found to consist mmnly of the white, lumpy or yellowish variety 
usually occurring near the base of tho jjroup. Some gray, compact beds overlie this; 
and there are traces of a few dark shales m its lower part, as also of a peculiar bed of 
compimt, variegated, red and white clay rock, frequently observed elsewhere at the base of 
this limestone group. The rocks on Mount Tilla contain but W of the numerous fossils 
of the group so far as could bo seen. 

A small outlier of this limestone occurs below the road north..east of the houses on the 
summit of the hill, having subadedyrith the other strata along a fault; and in tho opposite 
direction, just benoath the precipice on the edge of which the highest bungalow is perched, 
remnants of the variegated clay-bed Wore mentioned indicate that the limestone has 
barely been removed if, indeed, some of it in situ is not concealed by sub-aerial rain-wash. 

The inferior portion of the Sivalik group (6), which rests apparently with, complete con¬ 
formity upon the nummulitic Ibnostone, is nuiiuly composed of strong, gray sandstones of 
rough texture and softtw nature than any of those lower in the series. Thick beds of 
lumpy pseudo-conglomeratic shale also occur, and some beds of red, shaly or marly clay. 
Large fragments of silicitied fossil w'ood are very numerous in some localities, particularly 
on top of tho western end of the mountain. Over these clays comes a broad zone in which the 
sandstones alteniate with thick beds of red day at the northern base of the hill for fully 
1,600 feet; and this zone is succeeded by another of probably much greater thickness, 
in which the intercalated beds of clay are of a pale brown color, there being litUe diflereuce 
in the sandstones throughout. 

The less elevated continuation of the ridp from Mount Tilla proper on by Ilhotas is 
formed almost entirely of what appear to be tlm lower portion of these Sivalik rocks, groatly 
crushed and contorted, generally inclined at weep angles to the north-west, hut in some 
places more nearly horizontal; while contrary dips occur on the Jhelnm (or south-east) side 
of this extension of the ridge. 

To tho eastward and east by north of Rhotas, the termination of the Tilla chain is 
fringed by low, rounded hills of loose conglomerate or pebble beds, mainly composed of 
smooth well-worn limestone and met^orphic rock debris. These pebble be^ also appear, 
generally in a disint^rated state, in the fine anticlinal section of the Kahan gorge near 
Rhotas, and in one place were seen to rest unconfonnably upon the Sivalik rocas; tet, 
owing to the extremely in<»herent nature of the rock and its Uabilify to have its delais 
re-arranged by atmospneric action, this cannot be asserted without considerable doubt; 
though to the east, along and near the Grand Trunk Road, the general arrangement of the 
conglomerate seemed discordant to the undulating dins of the Sivalik beds; while the way 
in which the hills were overrun with pebbles and boulders left smi^ hope of satisfactory 
evidence being here obtained upon the point. 

Besides the fossil wood observed upon Mount Tilla, some fine tnammHlmu remains were 
formerly procured from the Sivalik between that and Rhotas, and were determined by 
Dr. Falconer, as aii'eady mentioned. A set of beds containing nnmerous imperfect fragments 
of these bones runs wong the summit of this lower portion of the ridge close by the road 
from Rhotas to Tilla, near a place called Thurbole. The bones were found m a frag, 
menta^ state, imbedefed in matrix as well as lying loose upon the surface, hut thou A 
some time was spent in ttea search, few nseful specimens unfortunately could beobtain(5; 
and, to procufe such, a subsequent and spinal mission would be probably required. ’ 


• Theltojunr put of this red rone may perhaps, be partly due to pressure and slipping on the highly incllnod 
slope ot the beds at the north side of the hill, where the flaggy lower jHWtion only is seen. " ™ 


PART 4 .] 


Wynne : Geoh^gy of Mount Tllla, Punjab. 


85 


It will perhaps be obserred that—though, as has been said, the lofty portion of the 
ridge of Mount Tilla coincides witla a iractnr^ antich’nal curvrature of the strata which 
might be expected to assume appto?amate horizontality on the axis of the ridge—the height 
of the hill is given at over 3,200 feet, while the total amount of the thicknesses of groups in 
the sectional table only reaches about 1,000 feel, excluding the tertiary Sivalik rocks 
which mainly lie in the plain below and on the northern slc^s of the hm. To explain 
this snamiTig discrepancy, it ma^ be stated, that the height of 3,200 feet is attained 
by the mountain just at the point where the b^s commence to turn over: 2nd, that the 
axis of the contortion rises towai.'ds the summit of the hill: drd, that 800 or perhaps 900 
feet must be allowed for the height of general southern base (the outcrop side) of the 
mountain, and that a consid(jTable sloping talus above this is formed of supped masses 
and debris at the top of whicb tiie section of the vertical cliffs begins to become visible. 
Added to these there are three, if not four, stop-faults along the sonth-eostem side of the 
highest part of the hill, each of which repeats some mrtiou of the strata, as seen in the 
accompanying sketch section ;— * 


Mount Tilla. 
3242 . 



mv!' Crtt 


Vei'ln'W 


On* AfU* — Tinrironiia 


Section across MountTilla, looking south-west. 

1. Purple eandatoue. 4 Bed, shalj, and flainnr zone. 

2. lila», shal; zone. 6. Nummulftlc Itmestone. 

8. Peendo-liiuoBtone and compaot sandstone. 6. Tertiary (Sivalik) beds. 


With regard to the physical structure of the remainder of the hill, the upper portion of 
the anticlinal curve expands to the west, beyond two deep coombs or glens, one of which (mens 
broadly to the south, but enters into the very heart of the mountain; this expansion of the 
arch being accompanied by so slight a southerly dip that the lower members of the series 
present, even to the lowest of all (the red marl), apx)ear at the base of the hill along a line 
which sinks gently to the west-south-west. 

Along the Boonhar fault in this neighbourhood, some difference in the section is per¬ 
ceptible, the group No. 2 of the above figure having apparently thinned out both on the Till a 
and the opposite side of the gorge: the purple band beneath seems to be also thinner; hut the 
ground is much obscured by local slips, smim faults, and large detritus from the pseudo-lime¬ 
stone group which, with many undumtions, sheets the hilly ground or plateau about Choya. 

!^yond this plateau and above it a somewhat tortuous ctiff-line extends along the brow 
of the hill, broadfy edged by tiie nearly hiirizontally rolling beds of the red, flaggy, and sbaly 
band; while the tertiary strata of the plain beneath rise at a steep angle on the northerii 
slopes, and, like the crest of a wave, overlap the ridge, forming most of the lofty ground 
westward of the summit. 

The extreme western termination of the hill is very abrupt, and some complicated faulting 
occjurs iust at Find Sevicki, the last of the high ground being formed of the red, flaggy, and 
the underlying group, either vertical along a west-north-west lino (coinciding with that of 
the Chambaf scarp), or dipping with the steep ground at high angles to the westward, but 






86 


[vOL. IIT. 


Records of the Geological Survey of India. 

cnrving suddenly round the peak called Thob, at which pla^ the north-westerly inclinations 
commence, that fix the steep character of all the northern side of the lofty ground. Round 
this peak of Thob, too, as a centre the strongly marked strata of the Sivalik (tertiary) 
group are boldly carved so as to enfold those which form the hill; the former, all more or less 
on eage, being frequently so perfectly vertical that all trace of their outward dip is lost. 

At the north-eastern extremity of the lofty p-ound the dislocation of the rocks is 
accompanied by violent contortion both of the Sivalik and older hods, its intensity diminish¬ 
ing considerably along the lower extension of the ridge to the north-east. 

Gold is said to be washed from the sand of the Boonhar river. Its source is probably 
among the Sivalik sandstones and conglomerates, formed of Himalayan detritus. The 
washing is carried on after rain. 

' The summit of Mount Tilla, though affording small space of at all level ground, will 
doubtless attract attention as a samtarium within easy reach of the Military station of 
Jhelnm. It commands a splendid view of the snowy Pir Punjal range; is said to be, 
and most probably is, much cooler than the plains, for when visited on an extremely hot 
April day, the temperature in the shade was veiy refreshing. 

• A road in excellent repair, save where it p^ses through the tertiary ravine-ground near 
Dariala, leads from Jhelum to the houses on the summit; and the hiU, though by no 
means completely bare on top or on the northern slopes, is not crowded with jungle. 

The chief difficulty, as usual, would be a large and continuous supply of water. Exten¬ 
sive tanks exist, one of which is well placed, but lies rather low in order to^ obtain a 
catchment basin. The disposition of the strata affords little encouragement to sink wells ; 
though the black, shaly zone might be found retentive. Some springs there are, and others 
might be found, where the tertiary strata cap the ridge, but this is at a distance of from four 
to six miles, and a road would have to be made to them, so that probably the best method 
of incriiasing the supply would be by multiplying the number of tanks and making them as 
little liable leakage as possible, one large structure of the kind on the north side of the hill 
having been found quite empty, owing, as was said, to this fact of its leaking. 

The Coppeb Deposits op DHALSHtJn and Singhbhi5m. 

The following papers on these copper deposits consist of, !«<, abstracts of two papers by 
M. Emil Steehr, the accomplished mining geologist employed by the Company formed to 
work the mines; one in the “ Vierteljahrschrifl der Naturforschenden Gesellschafib" in 
Zurich, Vol. V, p. 329, 1860; the other in the “Neues Jahrbuch fur Min. Geo. u. Pal.” for 
1864; and, kindly, a recent report by Mr. V. Ball, of the Geological Survey. Scientific observ¬ 
ations in connection with mining operations in India are so rare that it is important to 
place the experience and the opimons of M. Stoehr on record in a form easily accessible to 
the Indian public. The works being abandoned, the mine-sections were not accessible to the 
Geological Sui-veyors. The localities mentioned by M. Stoehr may be followed upon the map 
attached to the second paper. 

1.—The Coppee Mines of SinghbhjJm, by M. Emii. St(ehb. 

1. General Geological features: Schists .—It is only in the south and west of the 
region under notice that granite and gneiss-granite appear, forming dome-shaped hillocks 
seldom more than 100 feet above the flat. The old rock-formations—^metamorphics—of Lyell 
behave very differently; they form a system of parallel ridges from west-north-west to 
east-south-east, ranging in elevation to 1,9^ feet and under. The strike of the ridges is for 
the most part the same as that of the schists, except in a few placbs to the east; up to 
Sideshor the strike varies from east-7®-80Uth to east-30'’-Bouth; from there it is east 37°-to 
flO^-south. The dip is constantly to northwards, at from 16° to 60,° mostly from 20° to 35°. 
This structure decides the form of the hills—steep on the south and sloping on the north. 

These schists present many varieties, scarcely any form of metamorphio rock is un¬ 
represented ; clay-slate of tKe most various types, from soft clay-slate to roofing slate, with 
quartzose variOTies, or sometimes quartzites; forming the ridges; mica-, (mlorite-, talc-, 
hornblende-, and quartz-schist with quartz-rock are the most prevalent. Occasionally gneiss 
is found, but without any continuity or constant position in the series. There is a peculiar 
rock composed of round grains of quartz in great number (often exceeding the matrix) in a base 
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of clay-slato. At the junction of the sedimentaries and the granitics there occurs a strange 
quartzose formation, a true arkoae, many feet thick and almost vertical; in which are found 
angular fragments of the different metamorphics, in a fine quartzose mass. Of minerals 
I c^tained garnet, schorl, kyanite, rhatizite, and chloritoid (of Kenngott); also a hlue-hlack 
minenil of an elongated form, which Kenngott considered to be apatite united with a car* 
bunaceous substance. 

2. Greenstone dyJees. —The irregularities that these ranges exhibit are due to the pre¬ 
sence of transverse dykes, especially of diorite. Simple inspection cannot determine whetiier 
the greenstone is amphibolic or pyroxenic—diorite or diobase; T incline to consider it diorite. 
Generally hard, it often becomes soft, changing to aphanite; at Paraum near Dhoba it is almost 
serpentinous, containing nearly 10 per cent, of water. Not far off are considerable rvms of 
potetone, which this aphanite seems at aU events to approach. In other places the OTeenstone 
passes into greenstone-schist, following the strike of the series. Although these dykes do not 
always come to the surface, they can be traced at intervals in long ridges recognisable from a 
distance as longitudinally ex^nded lines of conical hills, generally double-topped. The 
strike of these diorite masses varies, generally north and south, or 16” on either side. 
Where such a north-south range crosses those o^‘ the older rocks all is confiised; still a most 
picturesque conical bill always detaches itself from the mass. This very hornblendic diorite 
has a remarkable tendency to spheroidal structure, and appears on the summits split into 
vortical columns, like ruined castles. It is noteworthy that one often finds such clefts with 
quite fresh surfaces of fracture: this is the result of the sudden cooling by rain of the rocks 
when highly heated by the sun’s ravs, as I determined by direct experiment. These diorites 
are so rich in iron that they often disturb the magnetic needle, and weather into iron-sand. 
The diorite cones seldom form considerable elevations; but this is not without exception, as at 
Bagmuri, 2,000 feet high. Where the diorites come in contact with the sedimentaries these 
are altogether metamorphosed; basalt-jasper occurs ; the schists are calcined, and columnar 
divisions are frequent. These greenstones are not limited to the north and south dykes. 

Whether the introduction of the greenstones has had any connection with the appearance 
of the copper ore must for the present remain undetermined; it would seem the more 
likely, inasmuch as the potstone and serpentine formation is certainly so connected. 

3. Oraniiies. —These diorites run into the granitic area to the south and west; where 
gpieiss-granite and, less frequently, true granite form dome-shaped bills; these also hero 
observe an east-west direction in long parallel ranges above the plain, traversed by the north- 
south diorites—an arrangement that gives to the whole area a strange chessboaid-like aspect. 
At the intersections of the two systems of ranges, the most picturesque cones occur; 
and remarkable development of mica appears in the granitic rock, so that the mica is applied 
to many ornamental purposes. 

4. Lateriie. —In India many different formations are grouped under the name of 
laterite. There is the laterite of the plains formed of detritm matter into which the iron 
constituent came from without, probably from springs; such is the laterite of Midnapur. 
From these are to be distinguished that which owes its formation to the decomposition m 
situ of ferriferous rocks; such is the only laterite known to me in our district, as on the 
summit of Mahadeo, derived from the ferriferous diorites. 

6. Mineral products. —I have already mentioned the potstone that is worked into 
various utensils. I may here notice an ochreons schist that is used as a dye. Of ores there 
are—iron ore, sometimes as a vein, sometimes stratified; mostly pure magnetic iron (see 
Berg- und Huttenmanpschen Zeitung for 1863); seldom red htsmatite, and once only 
brown hasmatite; then the rich copper ore, which was the object of my journey to India. 

6. Copper ore: Us range. —This copper ore would be interesting if only on account 
of its unusual longitudinal extension—for 80 miles if not more. I have examined it more 
closely through a length of 66 miles, from Lopso hill in the west to as far as Badia in the 
east. I know nothing of its further distribution in the western forest-clad hills, but in 
its eastern range it goes far beyond Badia to Bairagurha, the most south-east point on my 
map; and so far as I examined the intermediate hUls, traces of the ore were found everywhere; 
but in its longitudinal range, it appears most in the northern hills. 

7. A lode, or bedded. —The strike and dip so coincide with those of tho^ containing 
strata that one is induced to consider the mineral deposit as stratified; against such a 
supposition there is the vein-like mode of deposit, the frequent cuirasses and slickensidcs, 
the occurrence of druses, and the broken outcrop. At .all events the deposit i.s a filling of 
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cracks parallel to the layers of the contaiuiu^ rock; aud the formation of these cracks was 

S robab^ contemporaneous with the upraising of the schists. Following the structure of 
ie containing rock, the deposit was ongiually yariously irregular; and this condition was 
aggravated by the intrusion of the diorite. 

8. Several mtcrops .—Proceeding from north to south there frequently appear two 
or even three consecutive runs of copper ore; it would thus seem, paruy that one and the 
same band was brought several times to the surface by upheavals, p^tiy that a system of 
parallel deposits truly exists. At all events we can recognise at several places,'two parallel 
ridges, or lines of outcrop, sometimes miles apart, sometimes coming so close that they 
abnost commingle. Going from west to east we find, quite to the west, near the Lopso hills, 
two runs of ore scarcely ten minutes from each other; a third more northern locally seems 
only due to a local disturbance. These two runs separate to eastward, being sevend miles apart 
at Khursowa, until tbev appear to come together again in the Akarsuni hill. From there to 
l^flmba-dangri (copper nill) the deposit is buried beneath the deep boU of the plains. At 
Tamba-dungri one run appears which can be traced over Jamjura, then bending southward to 
Landn, and then again northwards to the summit of the comcal hill Chandra. A little north 
from damiura a second band shows, which runs northwards from Landu to Chundra, at the 
summit or whJbh these two runs are scarcely two fathoms apart. From here the two separate 
again, one goes south to Matku in the plain, where it is concealed ; one to Hitku, Banka, 
ete., in the north flanks of the Baugi hills. Here there is a break of several miles where I 
was not fortunate enough to find the ore: finally it ^pears a^n at Backa and proceeds 
then in a long line folloveing the north bilhflank^ ^twcen Bindrabun and Sideshor the 
strike alters, from east-37°-souih to east-60°-south; also the intruding diorites disturb the 
rocks much, and with them the deposit. In their further coarse eastward the hills trend rather 
back, and the deposit gets gradually into the plains. At Patbur-ghora, we find a^ain two 
lodes, probably, however, only the broken parts of one and the same main lode which unite 
at Bairagurha. From here all goes straight, except once at Earapathur there is a disturb¬ 
ance ; the contorted and crushed strata are confused and the rock almost altered into gneiss. 
Those schists are stuck up to north by a south to north upheaval, and twisted round the 
Karapathur, till at last all becomes normal again. 

9. Vometiee of the ore and gangtie .—As for the ores themselves :—when removed from 
the influence of the atmosphere the iron ores are, mostly magnetic iron, less often pyrites : the 
copper ore, too, is seldom pyrites, mostly glance-copper and red copper ore; either ore indeed is 
seldom pure, but mostly the two in intimate variable mixture, so they almost form a peculiar 
ore of mue-red colour, soft, and with red streak. According to several an^yses (among 
others by Fresenius and Roth of Heidelberg) the proportion of sulphur varies from 9 and 
more per cent, to complete absence; and also the total of copper from 42 to 64 per cent.; 
the ore is always contaminated with iron, from 6 to 12 per cent. It seems that when sulphur 
is quite absent, glance-copper is also wanting and the red-copper is not pure but mixed with 
black-copper; also in many places black copper occurs in strings and disseminated, and is used 
by the native beauties as a black dye for the teeth. Beautiral rosettes of red-copper appear 
detached, no doubt the result of decomposition. In the upper levels the saline ores occur as 
the result of alteration, malachite, less often azuritc, and brown spar. The whole gangue 
and ore are often so decomposed that these products are formed to a depth of 16 fitthoms. 
^ a ternary product of decomposition, on the heaps and scattered, I may mention 
chrysocolla, libethenite, and chalcophyllite. 

I must again notice the intense atmospheric action; often at the depth of 30 running 
fikthoms the decomposition had not ended the earthy quartzite-schist had oecome decomposed 
and penetrated with malachite and brown iron ore. 

Malachite, in solid masses, compact and earthy, seldom fibrous; in the upper levels the 
only ore, where it occurs in film and fragments, or mixed with brown hmmatite, impregnat- 
the whole ^ngue, which then contains from 2 to 8 per cent, of copper. It occurs besides 
as infiltrations in cracks and slender clefts where a rich deposit ends or begins. It is always 
more or less mixed with sUicious earth and ochre; the purest pieces give— 

Oxide of copper ... ... ... ... ... ... 64*73 # 

Iron oxide ... ... ... ... ... ... ... 6*20 

Woter ... ... ... ... ... ... ... 6*87 

Csrbenicacid ... ... ... ... ... ... 1616 

aimniaa ... ... ... ... ... ... ... *83 

- Inselublo ... ... ... ... ... ... ... 15*96 
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MttiL cupper ore, in Bolid masses from the sii&e of a nat to several feet in diameter in a 
silicioos matrix, sometimes filling the whole lode and enclosing angular pieces of quartz, 
sometimes in strings and flakes ramifying through the rock. This is the most important 
ore, seldom indeed pure, almost always mixm with black copper and iron oxide. As the 
malachite is due to the further decomposition of this ore, so is it of glance-copper; some 
specimens show the three states. It is difficult to find red copper entirely free from copper- 
glance ; apparently pure red copper specimens have given 8 per dtot. of sulphur. The mixture 
with iron oxide varies from 0'26 to 18 per cent. It is too mways mixed with black copper; 
and it was interesting to know if the proportion were constant; analysis showed it to vary 
from 63’7 per cent, sub-oxide and 33‘6 of oxide to 60T4 per cent, of sub-oxide and 46‘74 
of the oxide. It is only an indefinite mixture. Often the oxyde is in excess, the ore being 
dark brown, with black metallic streak. The common variety is brown red to cochineal red, 
with red streak, and in pure pieces, a fine crystalline texture. This quality, with hardness 
of 3, sp. gr. 5'623, gave— 


Sub-oxide ... 

• •• 





... 6372 

Black oxide 






.. {Ki-eo 

Silica 





• • • 

1-oa 

Alumina and irou 





«• • 

... 075 

Lime 






... 0-84 

MogneBta ... 

• • 




.*• 

... o-io 

98-83 


Others gave traces of manganese and bismuth. 

Black copper occurs only as a coating, and at most in strings as thick as the back of a 
knife and always mixed with red copper and iron oxide. 

Copper-glance, massive, mostly in kernels. It is at all events the original undecomposed 
ore; seldom pure, almost always with iron oxide. 

Copper pyrites seldom found; and only sprinkled here and there. 

Azurite, as a crust. It is remarkable how seldom it appears where malachite is so 
abundant; I only know of one locality. 

Lihethcnite and Chalcophyllite, in small crystals in the old refuse heaps; similarly 
Chrysocolla. 

Native copper, in massy rosettes and flakes; rare, and only where surfiice water can 
penetrate; associated with malachite, of which it seems to be a reduction and not of red 
copper. 

Copper uranite was found on Lopso. 

Iron ores .—Brown iron ore; in the upper levels often filling the whole lode, as ochre 
or as solid brown lunmatite. 

Magnetic iron in crystalline granular masses, sometimes even filling the whole lode 
mostly mixed with specular iron (Eiscnglanz). Analyses of fragments of the old copper 
regulus gave traces of silver and gold, and lU per cent, of iron. Assays made in London 
proved the ores to contain silver: an ore of 31 per cent, of oojmer gave 0’0078 per cent, of 
silver, one of 60 per cent, of copper gave 0‘0039 of silver. The silver then cannot he prin¬ 
cipally contained in the copper ore, hut in the gangue. 

10. Bistrilmtion of the ore .—Copper is not the only metal this deposit contains; iron 
predominates; so ^at one may describe the deposit as one of iron ore rich in copper. The 
copper-contents are themselves very variable, from traces up to the richest ore. The action of 
the intruded diorites appears to influence the proportion of copper; they may come quite to 
the surface or only produce a north-south upheaval, the richest copper deposits always being 
in their neighbourhood. In the preponderating quartzose gangue the ores occur in leaves or 
threads, from paper thickness to several inches, ramifying through the mass; sometimes 
binrliii p quaitz fragments, sometimes in compact masses; often filling the whole 

vein. Msewhere they show in lenticular lumps from the size of a hazelnut to that of the 
hrad, having then generally a coveting of t^o or chlorite in the quartzose base. Sometimes, 
but seldom, the quartzose veinstone fails, and contorted, crushed, broken chlorite- and talc- 
schist enclose lumps of quartz and sitmgs and pieces of ore. Once or twice the veinstone 
was quite porphyriUe. 
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The roof and floor of the d^osit are not confined to any particular kind of rock of the 
metamorphic series; many different rocks occur as such,—clay-slate, chlorite-, talc- and 
luica-schist; but always a schist; quartz rock never occurs as roof and floor. The strike is the 
same as that of tho rocks; in the west, from east-west to east-35°-south; in the east so 
much as east-60°-8onth. The dip is 16° to 60° to northward, mostly 20° to 36°. The normal 
width of the lode is 20 to 22 inches, at which the ore is richest; sometimes filling tho whole 
vein. It often expands to three feet and over; but then the ore scatters and the richness 
sutfers. Whether a workable ore extends, and how deep, is mtkuown; the ancients only 
worked that nearest the surface; but wherever I opened old works and went deeper good 
ore was found, generally after cutting through some poor ground, so that at 100 to 120 feet 
the ore still always held out. At tho time of my departui’e the point at which research had 
been carried iarthest was at Landu; there 212 feet had been reached, but already at 190 feet 
the ore had decreased, and at last was quite lost. Whether there only happened to bo poor 
ground at this spot, or whether generally' the ore does not extend to the deep, is unascertained: 

1 would almost decide for tho latter opinion. The deposit is of course not worth working 
tliroughout its entire extent; but rich parts alternate with poor or even with barren ; to find 
the first was therefore the chief endeavour; and we were successful at many points in finding 
such rich localities. 

In the Lopso and Sii-su section the ore is associated with quartz- and mica-schist. 

At Podumpur with a sandy mica-schist containing schorl. 

At Akarsuni with black mica-schist and quartzose clay-slate, close to greenstone; granite 
also shows in tho neighbourhood. The detritus on this granite is washed for gold. 

At Tamba-duiiOTi, a greenstone that does not reach the surface seems to have raised 
the schists and partly metamorphosed them locally into gneiss and quasi-granite, and the 
ferruginous schist into jasper. The top of the hill is burrowed all over with little pits GO 
fret deep. 

The nortliorn run at Landu is in quartzose schist accompanied by mica-and chlorite- 
schist: tho southern in mica- and chlorite-schist with associated quartz. 

At Chtmdra the ore occurs with quartz gangue in mica- and chlorite-schist and quartzose 
clay-slate. 

At Matku in the quartzose clay-slate and quartz-schist. 

The northern lode at Chura-dungri and Ilitku is in quartz-schist; at Pahlu-dungri in 
chlorite-schist; at Banka it is greatly disturbed and seems to be cut out suddenly by a mass 
of potstone. 

At Backa and Bagh-ghnra the rock is sandy schist and quartzite, but mica-, chlorite- 
and talc-schist are not absent. It was here that distliene-rock was found. The ore is in a 
eiliciouB schist and occasionally in mica- (black mica), actinolite- and chlorite-schist. 

At Sukurna, near Sideshor, the ore is in silicions schist, associated with mica-, chlorite- 
and quartz-schist. Sideshor appears to be the production of a penetrating north-south upheaval; 
and in its quartzites traces of the ore are found, as malachite,—a proof that many beds of 
the metamorphic series are cupriferous. At Bindrahun immediately under the ore is a 
massive rook composed of c|uartz and tourmaline with a little mica,—a granite formation, 
except that felspar is wanting; one might almost call it greisen. A run of jasper occurs 
close by, in the formation of which, as well as in the elevating of Sideshor, this peculiar 
rock may have taken part. Malachite traces are found in it too. 

At Pathur dun^i the rock is quartz-schist; hut on the south-west of the hill ore occurs 
in mica-, ohlorite-and homblcnde-schist. 

At Sdrda the ore is in dark mica-schist containing garnet, chlorotoid, and hornblende 
crystals. Near Fathurghora the ore is in more or less met^orphio schist; near the village 
red felspar is associated, and the rock becomes granitoid. 

The distribution of the ore in tho lode follows no certain order; unless one is to con¬ 
sider as such its constant^Sssociation with quartz, which is always the preponderating gangue. 
From the agreement of the dip and strike of the deposit with that of rocks, one would con¬ 
sider it as a stratified ore, were there not much against such a supposition. I do not here 
allude to the cairasses and quartz druses, but especially to the variable strength of the 
deposit itself, and the interruption and separations of the outcrops; which then again follow 
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the strata and lie in many patches close to each other. The normal thickness may be a1x)ut 
2() inches; in rich spots it reaches 3 feet; while elsewhere it intermits, the deposit is com¬ 
pressed and decreased with only scattered ore, till this also disappears and tho deposit can 
no longer be traced. All this suggests to me separate lodes, i. e., an impregnation of cracks 
parallel to the rocks, and probably formed at the time of their elevation. 

11. Peculiar carbonaceous mineral. —I conclude this short description of tho deimsit 
with a notice of a mineralt^cal peculiarity occurring in it. At Jamjura the lode was sought 
for beneath the thick soil of the plains, and found with good ore. In this newly opened work 
a fault was struck, in tho neighbourhood of which the veinstone seemed quite alter»;d, tho 
quartzose mass had become almost porous, the quartz had lost its lustre, and had become 
almost friable. In this rock and in tho ore itself there occurred as rantios in, a.s it seemed, 
octahedral or rhorabohedral cavities, loose pieces of a peculiar coal-like substance. It was 
found at 37 feet below the surface, or at 1(X) feet along the slope of the deposit, at 30°. I 
had early sent from India some specimens to Borgrath Breithaupt at Freiberg, who has 
described this strange mineral in the Mining and Mchillurgical Journal fur 3rd January 1859, 
from which I hero give an abstract of the principal characters:—black; semi-mcdallic lustre 
on fresh I'racture ; black streak; opaque; blunt pieces of sizo of an egg and under; inter¬ 
nally crystalline, very fine grained; sp., gr. 1-92; hardness 4-25 to 4-75, between calc and 
lluor spar; brittle; very difficult to bum before the blowpipe. Composition, mean of Sheerer 
and Buhe:— 

Carbon 
Water 
Acid 
Ash 

100 - 


l-MO 
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It is considered by Breithaupt as a middle condition between anthracite and graphite. 

Breithaupt thinks that the tabular impressions on the carbon may be due to calcspar— 
that in the uruses calcspar ciystals were produced. This is surely an error, for I never saw 
such crystals; on the contrary, the coaly matter is loose in cavities lined with himellar quartz, 
which is often imposed upon it. The hardness given by Breithaupt is not correct for all 
the sjHJcimens; many ai'e easily scratclied by calcspar. 1 would mention that I possessed 
a piece of veinstone which together with this mineral contained undoubted flakes of graphite, 
as also two different forms of the mineral close together. 

Professor Kenngott and Escher de la Linth have more closely examined thi.s substance ; 
on the same veinstone wore found white particles of a silicious substance with a deep black 
nucleus, the white exterior being the result of decomposition; hence Professor Kenjigott 
takes this substance to be the remains of the decomp(»sition of a highly carbonaceous sili¬ 
cious mineral, whereby tho silica was removed, leaving the carbon. 

12. Mining experiments. —In order to exhibit the special conditions of the deposit I will 
now describe the most important mining experiments. Special mining experiments could not be 
attempted over tho whole area within little more than three years’ time ; they were limited to 
hotween Jamjura and Rangi. Laudu was the centre; there were extensive old works there, and 
the flat ground offered an untouched field for exploration. The diggings that gave the beet 
opening were No. 1, near Landu, in the north lode. At 7^ running fathoms wo got to the end 
of the old workings, where the width, originally considerable, was reduced to 15 inches. There 
was great trouble in getting the men to continue tho work; and when, among a lot of jackal 
hones, a piece of a human skull was found, all green with copper, great terror spread, and 
only the most pressing representations, that the skull must have been brought there by some 
beast of prey and did not belong^to a man who had perished on tho spot, could induce the 
men to carry on the work, layer was only 15 inches from roof to floor, almost filled 
with rotten slate and quartz fr^ments, rich in iron, but almost without copper, only here 
and there a sprinkle of malachite incrustation. The ancients had evidently abstracted all the 
good ore till they came to this barren run. Afber a little the malachite increased, enveloping 
the quartz, and so ramifyiuj^ through the still broken schist that it yielded from 1'8 to 4'6 
per cent, of copper. The roof and floor were of chlorite-schist, quite devoid of copper save 
by infiltration m the little cracks. At 12‘7 running fathoms strings of malachite ocourwjd one* 
half of an inch Aick; and tho lode was 2 feet wide. Prom here it increased; and at 15^ fothoms 
an easterly drift was started that soon disclosed the most splendid ore; first malachite, then 
this passing into red-copper, and tliis again into glance-copper. This ore finally filled tho 
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wliole vein, 3 feet thick, enclosing angular pieces of quartz; and also occurred in large 
elliptical nodules several feet in diameter Ijring in a gan^e of silicious slate, in such 
numbers tliat a fine roof-face could be worked; at 25 fathoms along tlie drift, the lode split, one 
branch going southwards soon became barren, while the northern one yielded fine ore. In a 
northern trial-drift from here another vein was cut more or less rich in ore, and still further 
eastward three others. Down from this drift a small hading shaft was sunk; and_ here, 
at 28^^ fathoms the ore began to decrease, and died out altogether. So far the underlie was 
36°; here it rose to 60° or 70°; the thickness of the lode decreasing to a few inches; below 
this trouble it became flatter again and traces of ore re-appeared, till at 32 fathoms this too 
disappeared with a new trouble. It was in this state of affairs that the hand pumps could no 
longer keep under the water of the rainy season, and the progress discontinued at 12 fathoms 
vertical from the level of the valley. 

Four miles to the west, at Jamjura, under the alluvium of the plain, a very rich ore was 
cut, occurring in a very similar manner to that at Landu. At 18 fathoms the ore was still 
mod. In a westerly direction it was less rich, but continued to eastward. In a trouble of 
this vein the carbonaceous mineral was found ; not only in quartz, but in solid malachite. 
Here, too, was found the native copper, reduced from malachite by the action of this carbon. 

A third important locality was Ko. 6 of Landu, in the south lode; chlorite-schist and 
sandy mica-schist contain grains and nodules of quartz, often coated with talc; these are 
sometimes several feet in diameter. In and around tlie.so generally flattened lumps, partly 
following the layers of the schist, partly, too, itself forming kernels, or surrounding fragments 
of quartz, comes the ore in threads, from the thickness of a knife to several inches, thus 
uninterruptedly arranged in nuts and lumps, and in this manner forming the lode, 18 to 24 
inches wide. These conditions obtained to 16 running fathoms, then tlie ore ceased, and at 
my departure the work was in barren rock. In the upper part the ore was all malachite, but 
in the hard undecomposed masses there was a mixture of red and black copper with glance- 
copper. Tlie ore was besides always very rich in iron. At about 80 fathoms to the east, in a 
small trial pit, the lode was a^ost entirely mode up of coarsely granular crystalline 
magnetic iron. 

At Hitku in the northern, and Matku in the southern, lode there occurred quartzose, 
porphyry-like gangue; and the ore predominated as nodules of oxides, with glance-copper. 
In neither place was it worth working, appearing to cease in depth. 

At Banka a clear-ringing, columnar, fissured quartzite is penetrated in every direction 
by thin strings of ore, black, with glance-copper. Sometimes it is scattered through the quart¬ 
zite, CTving it a porphyritic aspect; the quartz being then altered, dull, fragile as if burnt. 
Low down there appeared an agglomeration of qu^zose talc-suhist and nearly massive talc, 
where the lode stopped out suddenly. 

According to the results at Landu, the cubic fathom of 96 to 160 cwts. of raw ore gave 
an average of 6 per cent, of copper; and the cost of extraction of the same, including 
haulage, amounted to Bs. 22 to 23 per 100 cwts. of raw ore. 

The preparation by hand-picking must be regulated according to the pioiportion of 
saline ores; here the average of 100 cwts. of raw ore was— 


3 cwts. of rieb picked ore of 
60 „ Bveraffeoreof 
13 „ dust ore of 
24 „ rabble and poor ore of 


... 20 to 36 per cent, copper. 



All the poor ore was considered as rubble for crushing. In the best rubble there occurred 
but 8 to 10 per cent., very seldom 20 per cent. 

13. La6o«r.—Most of tbe coolies were Dbangha Kols. On the whole, they proved them¬ 
selves very intelligent and skillM; on an averse more so than our European workmen ; only 
they are weaker; nut, whether mentally or bodily, they are very slothful, so that they reqtiiie 
constant watching. The daily wa^ of a workman is 4 to 6 pice; with which they receive the 
pawd;er and tools supplied f^et job-work was only undertaken by experienced workmen. • The 
gaotf .at one face coma not amount to less than four to six men. It was impossible to get the 
peo^e to work uninterruptedly, so that a face fiithoms high thus worked only advanced 
0-8 of a iathom monthly. 

14. Frotpects .—Since 1862 great endeavours have been made in London to get up a 
limited company with £120,000 capital to work the Singbbhdm mines. The original company 
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had dissolved about 1859; its history was this: after Captain Hanghton in 1861, in the 
Journal, As. Society, Bengal, had first called attention to the mineral treasures of the 
district, two Calcutta merchants resolved to start mines, and I went to Bengal by their 
instructions to make investigations and to establish the mining. When it was certified 
that at many places fine ore ooeurred a company was formed in 1867, having at its head 
the two original firms; and everything was then started on a very great scale. Mining 
commenced at Landu and Jamjura, and fine raw ore was tumrf out at the rate of 
1,200 to 1,300 cwts. monthly. (Jther works were at that time not yet opened and in order; 
still already the erection of a foundry with steam engine at a great cost was insisted 
on: and consequently, after my departure, what was expected befell: there was not 
yet enough ore there for the supply of a large foundry; the company dissolved in 1869; 
and the stores, building, and machinery fell to a transferee at an insignificant price. So 
very costly a management had only accelerated the dissolution of the company. In India 
every administration is costly: here it was the case in a remarkable degree, as this single 
circumstance fully proves—Rs. 9,200 had to be paid yearly to the two rajahs of GhatsOla 
and Seraikela, in whose land the works were situated, for the right of mining and smelting. 

As above stated, since 1862 great exertion has been made to form a gmnd new company; 
and in the prospectus mention is made of my name with reference to my report to the 
former company, so I do not hesitate to declare that without further information than 
that already known and established—so long as nothing positive is settled rcigarding the con¬ 
tinuation of the ore in depth—the formation of a company with a capital of £1,20,000 is un¬ 
warrantable. Ore, and very fine ore, is undoubtedly to bo got; and the works already under¬ 
taken might be carried on to advantage in spite of the deficient communications, if with 
moderate expectations an economical enterprise be undertaken, but for this so colossal a 
company is not suited. If the works are to las again established, mining experiments should 
he extended before everything, and according to the results thus obtained such a company 
might be formed or not. No one could expect an exhaustive jutlgraent from tho works 
already accomplished, and considering the time spent upon them, the first surface labor 
took place in the end of 1866, and already in 1859 all was discontinued. 

15. Anrient mines. —^Almost wherever the deposit comes to-day and is not concealed 
beneath the alluvium one finds old buildings and refuse heaps, where there was formerly a 
mine. In spite of the rudeness of the mode of extraction the work must be admitted to 
have been sagaciously conducted. The ancients never went deep; sometimes hindered by 
the water which everywhere is reached below tlie level of the valleys, sometimes by tho 
fear of working under ground. The use of powder in blasting must have been unknown 
to the people of that time, for I everywhere found in the old works, where open, single 
mllars undisturbed, very rich in ore, but in such hard rock as only to he won by blasting. 
The ancients seem to have smelted the ore in little furnaces on the spot, for one finds 
remains of walls, heaps of slag, and even copper bloom in many places. It is impossible to 
determine the age of the old workings ; the heaps and fallen-in pits are mostly overgrown 
by thick jungle and covered by old trees; only here and there one finds large openings in 
the rock, at present the refuge of crowds of bats, whose dung covers the floor more than a 
foot deep; the cavity itself being converted into a beautiful green hall by a thick crust of 
malachite. If one asks the inhabitants when such work was in progress, they do not know; 
and they speak of 100 years with the vague ideas of Asiatics about time, representing thereby 
an arbitrarily long period. It seems to me, however, certain that the present half-wild 
inhabitants are not in a condition to carry out such works ; and these may he the relics of 
an ancient civilization, like the rock-tenmlcs of the neighbouring Orissa, like the fruit 
trees (mango and tamarind) that one often finds as very old trees in the middle of the thickest 
forest; as again the remains of the great town Dulmi, which once stood in the thick woods 
of the Subanrika. Only one story has reached me of the ancient mines. Where 
from the lofty Sideshor, the ridges of Bindrabun, Ruamgurb, and Mahadeo descend into 
the valleys as spurs, one finds on Bindrabun extensive old diggings and pits, and on 
Ruamgurh slag-heaps and remains of brick walls. There, at Boamgarh, a rajah of the 
name of Ruam must have lived and have made the diggings and houses. In the story this 
rajah is reported to have had two tongues,* so I must consider him as a person who spoke two 
languages, in fact a foreigner. The period may have been the 11th century, when the 
Kingdom of Orissa flourished. 


* For another explanation of the two tongue*, see a paper by Mr. Hall, Prou. As. Soc., Bengal, Juno 1809. 
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2.—On the Copfsb of Dhai,bhi5m and Sinohbh<jm, by V. Ball, B. A., Geological 

Surrey of India. 

The district of Singhbhum, first brought to the notice of the British in the year 1820, 
when the internal disturbances rendered interference ncoeraary, was not placed permanently 
under British officers until 1836. In the interval^ that elapsed between these two periods, 
the discovery of copper and ancient native copper mines appears to have been made. 

The first published intimation of the existence of copper in Dhalbhilm was given in 1833 
in a paper by a Mr. Jones* who was engaged in making researches regarding the coal of 
^ngal. He writes—“ I have reason'to suppose copper-maj be found in Dhalbhiim near Eag- 
waha (Rajdoha) in a stream called Gura Nadi that empties itself into the Subanrika.” Whether 
this supposition, which subsequent investigation has proved to have been well founded, was 
bused on information received from natives or from personal observation we are not informed. 

In the year 1864, the existence of extensive copper^ deposits which had been much 
worked b^ the ancients in the above-named districts was forcibly impressed upon public notice 
by Captain now Colonel J. C. Haughton, Assistant to the Governor General’s Agent in the 
South-West Prontier.t 

In the same year the mines were visited by II. Ricketts, Esq., c. 8., who proposed to 
Government that “ a small sum be expended in working for a short period in order thoroughly 
“to teat the produce and to'show the people of the country how to turn the veins to the 
“best advantage.” 

M. Stcehr in the paper printed herewith details the circumstances under which ho came 
out to this country and the steps which led to the formation of the first Binghbhum Copper 
Company. Since his return to Europe, this company creased opeirations in 1859; and a second, 
formed on the ruins of its predecessor, lasted only from 1862 to 1864, when it also was 
dissolved. 

In 1857, M. Durrschmidt published a report (with a map) on the “copper mines of, 
Singhbhiim.” All the important part of the information is derived from Colonel Haughton 
and M. Stmhr. Some of the minor details would bo of interest only to persons purposing 
to re-open the works. Speaking generally, this report takes a much more favourable view 
of the prospects of mining than was justified by the facts available at the time. 

In the prospectus of the second or Hindostan {Singhbhum) Copper Company, a number 
of analyses and opinions regarding the quality of the ore by various assayers and others are 
quoted. These or rather a portion of them will be found incorporated in the following pages. 

The fact of the copper ores having been worked by the ancients has been above alluded to. 
It is probable that the greater number of old excavations enumerated in the table on p. 100 
are of considerable antiquity. ElseyrhereJ I have discussed the reasons which have led me 
to the conclusion that the ancient workers were an early Aryan race called Seraks. 

Within recent years a rude kind of working has been undertaken by the local rajahs 
and zemindars. But in consequence of poverty of the ore, flooding of the mines, want 
of labor (the pay perhaps being neither liberal enough nor regularly bestowed), or finally, as 
has sometimes been the case, sudden discovery on the part of the rajahs that their dignity 
was being compromised by the work, all such operations have been discontinued. 

Geology .—In order to render the following account intelligible, it will be necessary to 
give a brief sketch of the geology of the district in anticipation of the full account of it, 
which will be pubHshed when the examination of the whole area shall have been completed. 

The rocks of Singhbhum, so far as they have been examined, are referable to two 
formations. The metamorphic, consisting of ^anitic and foliated gneiss, schists, <&c., and 
the sub-metamorphio, consisting of slates, quartzites and schists, which latter are sometimes 
not lithologically distinguishable from those belonging to the metamorphic. 

In Manhhdm,. exclusive of the coal-fields, something less than four-fifths of the area is 
occupied by metamorphic rocks. In the remaining fifth at the south of the district the 


* Asiatic Researches, vol. 18, p. 170,1633. 
t .1. A. S. B., XXllI, p. 103,1864. 
t Proc., A. S. B., June 1860, p. 170. 
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Bub-metamorphic rocks are let in by an east and west iaolt; thence southwards they pass 
into the district of Singhbhdm, where tljey cloke round irregular areas of metauioi-phic 
rucks. The principal of these areas lies east of the station of Chaibassa. The rocks seen 
are coarse granitic and porpbyritic boss-forming gneisses which are traversed by a perfect 
network of trap (diorite) dykes. This combination produces a very peculiar effect which, as 
seen from the top of a high hill, has been aptly compared to a chessboard. The walls 
formed of trap dykes constitute substantial boundaries between adjoining properties. North 
and north-west of Chaibassa there is another area of the same metamorphic rocks which 
is, however, free from trap or nearljy so. A third small ai-ea exists near Khursowa, regarding 
which something will be said again further on. The appearance of the sub-metamorphic 
area is very different from that just described ; it is characterised by being ti'aversed by long 
ranges of hills with deep intervening valleys which correspond to the position of the 
softer varieties of rock of which the formation is composed. 

The copper ores to which this account refers occur for the most part in a zone of schists 
whose geological position is situated near the base of the sub-metamorphic rocks. These 
schists form the northern flank of a broken spur of hills which leaving the Chota Nag^iflr 
plateau strikes eastwards for a distance of 40 miles through the estates of the rajahs of 
Khursowa, Scraikela, and Dhalbhum, then bending round gradually to south-east and ulti¬ 
mately to south, it disappears under the alluvium of Midnapur. 

The principal ranges composing this spur are of quartzite, upon which incrustations of 
the copper salts are occasionally found; but the ore which has been worked is, with a few 
exceptions to be noted hereafter, associated only with schists. 

Measured along the strike, these copper-bearing rocks extend for a distance little short 
of 80 miles. Copper ores have not been discovered west of Lopso; but there is no geological 
reason why they should not be found for many miles further in that direction in ^e Chota 
Nagpur highlands. 

In the tables appended an abstract is given of the principal facts which have been 
observed at the various localities in which the copper has been found. And in the accom¬ 
panying map all these localities ore indicated. M. Stoehr’s paper contains all the available 
reliable information regarding the working of the mines. 

The determination of the question as to the manner in which the copper occurs, 
whether in lodes or as a deposit, is one of no less difficulty than it is of importance. M. 
Stcehr holds the opinion that it occurs in lodes, thoi^h admitting that much may be said in 
favor of the opposite view. He describes the variable strengtii of the deposit itself and 
the interruption and separation of the outcrops which in some places are close to each other. 
Carrying out this view, he distributes the localities where ore occurs along two lodes which 
he calls the north and south. He alludes to the fact o| the existence of particular beds of 
rock in the vicinity of the copper showing signs of excessive metamorphism which he 
considers to be due to local action; but he does not mention that the copper, if followed along 
its line of strike, is found to penetrate into areas occupied by rocks which are undistin- 
guishable in their lithological characters from the most crystalline rocks occurring in the 
older series. Of coarse it may be that these, like the single beds above mentioned, have been 
aflectod-by local metaraorphism, possibly caused by the mtrasion of granite, but the granite 
which occurs is not distinguishable from that which is often found in Bengal to alternate with 
well foliated rocks, and is therefore believed to be of metamorphic origin. Thus this 
circumstance, which might otherwise be used as a crucial test of the validity of the lode 
hypothesis, is itself so uncertain and fraught with doubt that it is a rather dangerous 
description of evidence to make use of in such a discussion. 

In support of the view that the cupper partakes of the nature of a mechanical or chemi¬ 
cal deposit in the beds, there is the fact that the underlie of the ore as seen at the surface 
nearly always appears to correspond with the dip of the schists, and that sometimes the 
schists appear to be permeated throughout with the ore. Adopting this v|ew for the moment, 
the following supposition would appear to afford a possible explanation of most of the 
phenomena with regard to the ore, which have as yet been observed. With the original 
materials of the sandstones and mudstone shales, which subsequently become metamorphosed 
into schists, the ore may have been either chemically or mechanically deposited. At some 
period the crushing and tilting up of the rocks, of which there is abundant evidence, 
produced cracks and possibly openings between adjacent beds, towards wldch a segregation 
of the copper particles which until that time were equally disseminated throughout the mass 
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oi‘ the achhits may hare taken place and continued until the^ became filled with ore and bo 

e 'vmi rise to the a|tpearanoe8 which bare been resardod as indicating the existence of lodm. 

Uiis riew be correct fhen the highly inetamorphosed rocke which occur in the otherwise 
uniuterruj^ted strike of schists at Akarsuni and Kumerara must be derired from the schists 
by elxcessire local metamorphism. But if, on the other hand, these rocks belong to the 
mder metamorphicB which they certainly at tot sight appear to do, then the lode hypothesis 
most be admitted to be true. 

Beriewing the evidence on both sides, the legitimate conclusion to be drawn would seem 
to be lhat the copper of Singhbhdni in all probability occurs both in lodes and as a 
deposit disseminate throughout the materials which compose the schists. Similar cases 
of double conditions of occurrence are not unknown in other countries, as will be alluded 
to again further on. 

Obss. 

The ores of the upper part, or, as it is technically called the ' back’ of the deposit, hare 
all been converted into carbonates and oxides. 

In assays made upon eight different qualities of ore by M. B. Schenck, and quoted 
in the Hindostan Copper Company’s prospectus, the contained copper varies between 35*03 per 
cent, and 1*46 per cent. Three analyses by Messrs. Phillips and Darlington of specimens 
of carbonates gave the following results:— 


' No.].—Copper 31*6 per cent. Silver 2oz. i^dwts. ITffni. per ton of ore. 

No. 2.~— 6*^ 1 ^ 2 20 „ if f, 

No, d,"— a, 6 0,, „ 0 „ 10 ,, 14 „ „ ,, 

Three otlier specimens were examined by Messrs. Howard and Dollman and gave the 
following results:— 

No. 1.—18'8 per cent, of copper. 

No. 3.-21-8 „ 

No. 3.—240 „ 


Three 
analysis— 


specimens brought by me from Jarajura yielded according to Mr. Tween’s 


No. 1.—Janyora ore, copper 
No. 2.— „ „ 

No. 3.-~Dagni „ 


62‘o per cent. 

4.5 


Nos. 1 and 3 were picked specimens, but No. 3 was the ordinary ore to be found 
at Dugni. 

Messrs. Henry Bath & Sons, to whom some of the ores, smelted to a regulus, were sent 
in 1854, reported as follows:—“ Our assayer has carefully tested the samples thou sent us; 
they coutam about 50 per cent, bf iron which makes them very difficult to smelt, and 
is also very prejudicial to their sale; we think, however, that the pnees affixed to them may 
be obtained.” 


Mining Office, Swansea, 8mo., 19, 1854. 


We are thy sincere friends, 

Hbnbt Bath & Sons.* 


No. 1.- 

-Copper, 

4Si per cent. 

£37 

No, 2- 


41 » 

36-18 

Nu. 3.- 

6f 

33 

34-2 

No. 4- 


86 .. 

31 


per 31 cwt. 


M n »» 



The assays above quoted were of the carbonates or of grey-copper. 

Copper pyrites occurs in the schists at Bajdoha; it was first found there by the second 
.company; fir^ments of rock permeated with it are stUl to be found in the debris. It seems 
to have been little affected by the weaker. 


* Froceedjpyg Asl&tio Soolely of Bengal, XXIV, 1866, p. 706. 

Kcbea.—Of the minerals ooearrlng In the sohlsts, the following are the principal which have been met with: 
Q«Hiet, Mlim. ICffentte, Cailorite, Tremolite, and Actinollte. In the hill Dari, which is forined of potstone nndw- 
Iriitw iha wmsts, a heenliar indurated talc ooouts in veins. The potstonos are extensivriy quarried, and 
OBPply a ftetpiy in the neltchbonring village. At Juqjnra H. Stoebr discovered an interestmg oarbonaoeone 
udnS^.cic wldcdi ralso obtained specimens In the refuse heape when I visited that locaUty; it is described 
te the Iffainit sad MsfaHnrgleal Journal far 8rd Juno 186a 
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Some of the manufactuted copper was i^os reported on at the Calcutta Mint 

"Three slabs weighing about 189 lbs.; these were subjecfted to lamination and proved 
to be suited in all respects for purposes of coinage. The quality of this metal is excellent, 
being scarcely inferior to the best, equal to the average and decidedly suporior to several ship* 
ments of imported copper." 

(Sd.) B. Baird Smith, 

Mini Master. 

As it is almost impossible at the present day, without excavating in the mines to a 
considerable depth, to obtaiu more than a few specimens of the carbonates or oxides of 
copper which he near the surface or incrust the waUs of the galleries, it is most fortunate 
that we are able to avail ourselves of M. Stoehr’s researches and opinions. His presence 
during the mining operations and subsequent examination of the ores in Em*ope have 
afforded him the most favorable opportunities for ascertaining the precise nature of the 
ores obtainable in the deep mines. 

It may be taken as a fact fully established by the analyses quoted above, that exceed¬ 
ingly rich ores of copper do occur in Singhbh^. Before proceeding to the discussion of 
the practical question, in reference to the possibility of working the ore with profit, it is 
necessary to mlude to the— 

Metais in association with the Copper. 

It is a matter of the greatest importance to ascertain the proportion of other metals 
which ordinarily occur associated with, the copper. ■ Supposing the ore even not to contain a 
sufficient quantity of copper to make it pay to extract it alone, it might still, if it included 
precious metals, be worked with profit. Such is the case with the argentiferous ore or 
Fs^erz from Eisloben in Prussian Saxony. 

In the assays of three specimens of ore by Messrs. Pliillips and Darlington quoted above, 
the ounces of silver per ton of ore vary between 1 and . M. Stashr found traces, 
but only traces, of gold and silver; while Mr. Tween did not obtain even a trace in some 
ores and smelted copper which I brought from Jamjura. 

Small quantitieB of Bismuth were found in some of the ores. 


Having in the previous pages pointed out the two-fold manner in which the copper 
ores occur—both in lodes and in beds—and their quality, the discussion of the practical 
question whether the ores are such as can be worked with profit in this country may now 
bo entered upon. The facts and^ collateral ciicumstances which must influence « decision 
may be grouped under the following heads:— 

I. Character of the ores and thmr mode of occurrence. 

II. Experience of previous miners, ancient and modem. 

III. Local circumstances.—Positiop of mines; Means of communication and distance 
of marts; Supplies of labor, fuel and lime; Proprietory; Climate. 

IV. Comparison with other countries where ores of similar character and occurring 
in a similar manner have been worked. 

I. Although rich ores exist, ^eir mode of occurrence is so capricious and uncertain 
that working them must necessarily involve an enormous expenditure. 

Ores of very much inferior quality if they occurred with a continuous unbroken lead 
which could steadily be followed up by the miners might, even under various unfavorable 
conditions existing in Singhbhiim, bo worked with profit. 

M. Stcebr distinctly speaks of good ore having been fonnd at many points, but in nearly 
all cases an unusual richness of the deposit proved to be purely local and confined to nests 
which were speedily worked out, and uoremunerative copper-permeated schist met with 
further dowilt 

IL Many of the ancient mines have been so thoroughly worked out that it is often 
impossible to fmd more than mere partidos of carbonate incrustations. 
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It may bo argued with an apparent amount of plausibility that the ancient mines, their 
number and extent, indicate a prosperous condition of the industry at some former period. 
We do not, however, know under what circumstances they were worked. In the early 
times to which they seem chiefly to belong, copper may hare possessed a value relative to 
the precious metals much higher than it does at present. And, again, although it may have 
paid parties of natives to work with their simple furnaces which could without loss be 
relinquished when the supply of ore failed and others be erected in a now locality, we 
cannot feel assured that it would prove proportionally profitable to a European Company, 
whose chief prospect of success would depend on the possibility of applying machinery 
for the extraction and reduction of the ore continuously in one place. 

With regard to the experience gained by the companies, beyond M. Stashr’s and 
M. Durrschmidt’s papers, there seems to bo now no accessible information. Without being 
able to refer to the records of either of the companies, it is impossible to form any estimate 
of what their working expenses amounted to. 

Copper was manufactured during the time of the second company and forwai'ded to 
Calcutta, but what proportion its price in the market bore to the cost of its production 
I have been unable to ascertain. 

M. Stoehr’s opinions on the first company and on the proposition to form a second are 
printed herewith. He concludes that notwithstanding the disadvantages, some of the old 
mines might bo worked profitably, but for that purpose so colossal a company* was not 
suited. But moderate expectations, such as M. Stoehr speaks of, are not generally sufficient 
to attract speculators and capitalists; and a really economical enterprise such as might easily 
be carried out on the continent of Europe is scarcely practicable here. 

III.—Local circumstances .—Position of Mines. On all sides the range in which the 
copper ores occur is surrounded by broken hilly country, which is drained by a number of 
rivers of sufficient dimensions to seriously impede traffic during the rainy season. 

The only made road_ in the vicinity of the mines is the one between Chuibassa and 
Midnapur. It is unprovided with bridges: the portion of it in Singhbhum and Dhaibhdm 
alone is (May 1869) in fair condition. 

In reference to the roads, Colonel Haughton, who was anxious to represent the pros¬ 
pects of a mining enterprise in the most favorable light possible, wrote:—“ From the dig- 
“ gings at Kumerarat there is a good road only 86 miles in length to Tumlook. The distance 
“ from Landu or Jamjura to the Cossye river at Dhee Kulliinpur is about 70 miles; and that 
“ river might, it seems probable, be available for water carriage during short periods in the 
“rains, as the Damuda is at points far above those where it is ordinarily navigable. There 
“ is every facility for the construction of a good road to Dhee Knllianpllr or to Midnapur, 
“ and in fact there was formerly a Government route in nearly the same direction. * * * 
“ The distance from Tumlook m& Midnapur would be about 13a miles.” The copper which 
was made in 1862-64 was not despatched oy either of these routes but vid Furulia to Baniganj, 
the distance of which place from Landu being 13U miles, and the roads little better than 
cart tracks. 

Should the proposed direct line of railway vid Midnapur to Bombay be opened up, the 
copper mines will probably be rendered much more accessible than they are at present. 

Jjahowr .—Coolies can be obtained in aboiidance. The Chota Nagpur Dhangas were 
found to be the best workmen. 

Fuel .—The supply of wood to be obtained in the immediate neighbourhood is limited, and 
a few years would exhaust the timber on the bills composed of the copper-bearing rocks. There 
is, however, a considerable amount of heavy timber on the rises to the Chota Nagpur plateau. 

The discovery of coal at Midnapur is a fact which may prove favorable to the pi'os- 
pects of working uie copper with profit, 

Idtne .—The only lime which was used for fluxing the ore was manufactured from 
* kunkuTrt No hope_ of any ntdire regular or economical source can be hold out at present. 
Some calcaj^us schists do, indeed, exist near Chaibassa, but in them tho quantity of other 
minerals mixed up with the carbonate of lime is so great as to make it douWul whether 
’ they could be successfully burnt for lime. * 

• The capital of the 2nd or Hindostnu Copper Company wn* £120,0(H) in 24,000 sharm. 
t The roost eastern locality. 
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Proprietoty. —Singhbhum proper belon^B to several members of the Poraliat family, 
of whom the principal arc the Koer of Seraikela and the Thakur of Khursowa; they both 
}^ve service to Government as Mafristrates, but pay no tribute whatever for their estates. 
The Dugni Baboo in whose lands copper also occurs is a cadet of the same family. 

In the estate of the B^ah of Dhdlbhum, the remainder of the copper localities, inclu¬ 
ding those at Landu and Rajdoha, are situated. 

The first company, confident in the productiveness of the mines, agreed according to 
M. Stoehr to pay the Rajahs of Seraikela and Dhalbhiim Rs. 9,200 for the right to mine. In 
the prospectus of the second company the annual rent is stated to be Rs. 4,500. A con¬ 
siderable portion of this rent for the years while operations were being carried on is still due. 
Acting on a decree of the Singhbhum Deputy Commissioner, the Itajah of Dhalbhiim has 
seized the houses and engine of the company at Rajdoha; but the former have already fallen 
to pieces, and the latter uncared for and neglccded will soon become worthless. 

Climate .—The climate of Singhbhum is decidedly unhealthy; this point is one of no 
small importance where a number ol Europeans might have to be emijloyed. I have been 
informed that the employes of the two copper companies suffered much from fever. My own 
experience is, that natives of India, especially men from the north-west, sufier excessively 
from fever in Singhbhum; of coarse both Europeans and natives might, to a certain extent, 
become acclimatized, as has happened in other parts of India. 

IV.—Examples are not wanting in other parts of the world where ores of similar 
character and mode of occun-ence to those of Singhbhum have been worked, with which a 
brief comparison may be usefully instituted. 

Copper Mines of JEislehen .—^At Eislebon in Mansfeld, Prussian Saxony, the ore of 
copper extracted permeates a schist (Kupferschiefer) which can be worked with as much 
regularity as a coal seam.* Notwithstanding the perfection of the machinery and the 
comparative ease with which the ore is extracted, it is a fact that the copper is manufactured 
at a loss. “ Every ton of refined copper as it leaves the works has actually cost more than an 
equal weight of metal could be purchased for on the spot from the merchant.” 

The profits of these great and unique mines (which more or loss directly support G0,(X)() 
people) are nearly all derived from the small proportion of silver which occurs,in the ores and 
IS extracted during the process at but little additional cost. The magnitude of the operations 
and the immense quantities of the copper ore which are smelted alone enable the work to 
be carried on with profit. 

In the copper ores of Singhbhum silver does sometimes occur as is shown by the assays 
on page 96. But the amount is so small that it is extremely doubtful whether it could be 
extracted with profit. 

It has been stated that for the most part the underlie of the ores in Singhbhum corres¬ 
ponds with the dip of the schists; but it can scarcely be said of them, owing to their steep 
inclination and irregular lateral extension, that they could be ‘ worked like a coal seam.’ 

South- West of Ireland .—In the south and south-west of Ireland copper ores occur 
disseminated throughout a zone of Devonian sandstones; for a long time it was doubted 
whether true metalTiferous lodes existed, all the copper being supposed to occur “ as a mecha¬ 
nical deposit derived from the waste and destruction of some original mineral vein district."f 
Recent deep mining operations which have been carried on with success have proved the 
existence of true lodes. J Thus there would appear to be a doable mode of occurrence of the 
ore there, similar to that which has been supposed to be the case in Singhbhum. 

In the preceding pages the object sought after has been to give a simple statement of 
facts, fo)m which those who may & interested will doubtless draw their own conclusions. 

In mining operations such as would be necessary in Singhbhiim so much depends upon 
the regularity with which the ore occurs that no one could with any confidence venture to 
predict the result of excavation on a large scale. 

Courageous enterprise guided by the best professional skill in mining has both its trium¬ 
phant successes and its heavy losses and disappointments: until underground exploration has 
extended much further in Singhbhdm, it will be uncertain which fate awaits those who 
may at any ifjature time venture upon copper mining in that district. 

• These mines arc fully described in a paper by Mr. Jervis, Jour. Soc., Arts, vol. IX, iseo-si. 

t Memoirs of Oeoloxical Surrey of Great Britain and Ireland, explanations to ibeels 200, 20S, and pp. 278. 

t Geological Magazine, vol. Vll, No. 6, p. 24X. 
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■I No. 

A 

s 

Px 


Localitlaa East to West. 


Nvimber of 
UiDcs. 


Nature of mines. 


Dip 

or Underlie. 



1 Maciliopur, 8 miles north of Kutno* 2 Outcrop exearatioos ... 

rara. 


2 Hills, W. of Asunbnnl ... ... Nnmeroos 

9 Hills, S. E. of Badia . 


Ditto ... ier E. N. £. 


4 Badia 


6 Mosabnni 


9 Surda 


Very numerous ... I Ditto and diafts ... tO‘'to E. 25° N. 


f Hills, W. & W. N. W. of Surda 


8 HUIs, W. of TerinKa & Eondodih 


9 Bideshur Hill, B. of Buam... 


Numerous 


Numerous 


10 Mahadoo Hill ... 

11 Bagbghara 


12 Hills,S.AS.W.ofmatigara(=Buga Numerous 

of Dr, Stosbr). 

13 Kangamattl Hill, S. E. corner, N. of i i 

Ba^o. 


14 Bajdoha a 

Ditto b 
Ditto c 
Ditto d 

15 Uatku ... 


16 Hurtopa... 

17 Hltku ... 


IS £t&dn Bamt-gbur Hill ... ... Numerous 


Outcrop excavations .. Ditto 


Quarries, shafts, inclines 40P 


Outcrop excavations A 30°-3E° E. N. E. 
inelinCH. 


Ditto A shafts 


36" N. E. 


Inclines 


Ditto A shafts 


Incline and adit 


26° N. N. E. 


Shafts, incUnes, adit, 86"—, US" to 10" E. 
trench. of N. 
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No. 

Ore. 

Rock. 

RKMAnKB. 

1 

Traces of carbonate: a spe¬ 
cimen yielded according 
to Col. Hanghton 24} p. e. 
of copper. 

Quartz and black mica-schist, 
strike 10° £. of N., granite 
close by. 

Those mines ore foil of water, to remove which 
and renew excavation would be necessary 
before the condition of the ore could be 
asoertained. 

'1 

No traces of ore in *Uu ... 

Black and grey mica-schists ... 

Slog close by, indicating that ore was once foond. 

3 



This locality is given by M. Stoehr. 

4 

Traces of carbonates abun¬ 
dant. 

Qrey and black mica-schists, 
strike 26“ W. of N. Towards 
Mosabuni gneissose rocks 
strike more to north. 

The TcIatiTe positions of the Badia excavations 
indicate four distinct outcrops of ore. The 
. principal of these passes through the village 
of Badia, near which are great heaps of dag. 
This was evidently a centn of extensive oper¬ 
ations. 

6 

Ditto. 



6 

No trace of ore at present 
exposed. 

Schists. 


7 

Incrastations of the carbo¬ 
nates on the walls. 

Black mica-schist 

From the abtindance of slog it would appear 
that here, as at Badia, considerable quantities 
of ore must have been smelted by the ancients. 

8 

Traces of carbonates rare... 

Mica-schist. 


9 

Ditto slag abundant ... 

Ferruginous mica-schist 

At the site of the old town of Ruam, there 
are several tanks covered up by jungle and 
immense quantities of slog. 

10 



This locality is given by H. Stoehr. 

11 

Ditto 

Mica-schist. 


12 

Ditto 

Ditto . 

A nnmber of deserted potstone mines and some 
which are still worked occur along this range. 

13 

Traces of carbonates 

Ditto & quartzite 

Incrustations of the carbonates and black oxides 
occur on the enartzites forming the main axis 
of the hill. 

14 

Ditto 

Slaty blue schists 

These are situated on a spur of Bangamatti. 


Ditto 

Copper pyrites ... 

Traces of carbonates 

Ditto ... \ 

Ditto ... y 

Ditto ... ) 

These were worked by the Copper Company. 
But the pyrites was only just reached a short 
time before working was diseontinuod; d is 
west of the river, b and c being to the east. 

16 

Carbonates, traces of red 
copper and pyrites. 

Greenish talcose schist and 
qnartzo-felspathic grit. 


16 

No ore seen 

Quartzite. 


17 

Traces of carbonates 

Schist and quartzite ... 

Orif^nally commenced by the ancients; it was 
deepened by the Company, but has subse¬ 
quently become filled up. 

18 

Ditto 

Quartz and mica-schist much 
contorted and baked. Banded 
jaspory quartzites close by. 

A eonslderable amount of ore appears to have 
been obtained here by the Company. M. Stmhr’s 
papers give the details of workings carried 
on at liundn. 
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No. 

Ore. 

Rock. 

RxHaBKB. 


Traces of carbonalea 

Schist. 



l>aio 

Contorted taloose quartsite and 
micaceous schists. 

These works were chiefly made by the Company, 
but all along the outcrop of the schists tliere 
are ancient excavations. In one place the ore 
permeates C of rock. 

1 

Ditto 

Ditto 

The mines here were worked by the Company. 

l» 

Ditto 

Talcose and mica-schist. 


20 

Ditto mid 

grey copper. 


These shafts were worked by the Company'; one 
of them foil in while the operations were going 
on. 

21 

Traces of carbonates 

Schist 

No mines opened at this locality. 

23 

Ditto 

Sandy and fibrous mica-schists 

Shafts in very irregular positions and without 
reference to the lie of the deposit. 

23 

No trace of ore 

Mica-schists. 


24 

Ditto 

Soft satiny felspathicand talcose 
schist. 

Said to have been excavated by the father of the 
present iiaboo of Dugni, Bungit Singh. 

26 

Traces of oarbouates 

Mica-schists ... 

This is situated in the village of Dugni; there 
has never been anj excavation. 

2« 

Ditto abund¬ 

ant, a specimen yielded 
36'5 per cent, of copper. 

White talcose mica-schists and 
frranitic Kueisscs. 

Said to have been worked with profit by the 
Dugni Baboo about three years ago. 

27 

Ditto 

Schists and gneiss. 


2H 

Traces of carbonate 

Schists, granitic gneiss and 
trap close by. 

A series of excavations in the fields are nearly 
filled up with surface soil. 


Ditto 

Ditto. 


29 

Ditto 

Miea-schlsts and quartz 

Rocks much covered; no strike apparent. 

SO 

Ditto 

Micaceous and quartzose schists, 
also gneiss and trap close 
by (c). 

Copper is said to have been roanufaetured from 
ore extracted fbom (d) twelve years ago. 

31 

Ditto 

Coarse mica-schists ... 

Situated at foot of the hilt west of Kanrudih. 


V. BALL, 

Q&)logioal Survey of India. 








104 


"Records of the Geological Harvey of India, 


[voL. HI. 


Mbteobites. —During the past quarter we have received an addition of four specimens 
of meteorites, representing 3 falu, of which no specimens existed in the Calcutta collections 
previously. 

1st.—From Db. TschebmXk, the present zealous Director of the Mineral Cabinet at 
Vienna, came a very perfect, though not lai^e, s^cimen of the fall at Hessle, near Upsala, 
which took place on the let of January 1869. And a very good specimen of the remarkable 
stone*^ which took place at Kernouve, Napoleonville, Morbihan, France, on the 23rd 
May 1869. 2ndly, irom Pbobesbob Davbbbe, Paris, we have received a fine‘specimen 
of the meteoric iron from Dees a, Chili, p^-uliarly interesting, not only for the breccia- 
form structure which it presents (recalling the Tula faU), but for the occurrence in it of very 
well marked crystals of Enstaiite, colourless and trans^rent and of a parity not hitherto 
met with, also crystals of Peridot, of Schreihersite, and of a lamellar substance closely allied 
to Sypersthene. And also a second smaller specimen of the Kernouve (or Cleguerec) fall 
of the 2Srd May 1869. These were all in exchange for specimens of Indian falls. 

T. O. 


DONATIONS TO MUSEUM. 

Prom CoiiONEii H. C. Johnstone we have received a box of fossils collected by him 
in the Sulyman Eange. There has not been time as yet to exomhie these in detail. 


ACCESSIONS TO LIBRARY 

FbOH IST JCI.T TO 30te Seftehbeb 1870. 

Titles of Boohs. Donors. 

Ajsivum, Db. Gael Justus. —^Vorwerltliche Pflanzen, 2nd Heft. 4to., 1869, Bonn. 

Bbbendt, Db. G.—Geologic des Kurischen Haffen und seiner Umgebung, 4to., 1869, 

Kdnigsberg. 

Biosby, John J. —Flora and Faunna of Silurian Period (I7iesaurus SiluricusJ, 4to., 

1868, London. 

Beneden, Van, anp Geevais, Paul. —Osteographie des Cdtacds Vivants et Fossiles, Livn. 8, 

8vo., and Atlas, 4to., Paris. 

Bosquet, J.—^Monographie des Crustaces fossiles du Terrain Crdtacd du Limbourg, 4to., 

1864, Haarlem. The Authob. 

Boubguionat, j. R.—Histoire Malacologique de la Regence de Tunis, III, 4to., 1868, Paris. 

CoQUAND, H.—^Monographie du genre Ostrea, Terrain Ci-dtacd, Text, 8vo., Atlas, Folio, 1869, 

Marseilles. 

Dbchen, Db. H. V.—^Begleitworte zur Geologischen Karte von Deutschland, 8vo. and 4to., 

2 sheets, 1870, Berlin. 

Enoblhabdt, H. —Flora der Braunkohlen formation in KoniOTeich Sachsen (Gekronnt 

Preiss-schriften), 8vo. and 4to., 1870, Leipzig. 

Fbesenius, Db. C. R.—Qualitative CSiemical Analysis, 8vo., 1869, London. 

Gbaeffe, Db. Epw. —Reisen im innem der Insel Viti-Levu. 4to., 1868, Zurich. 

ZuBicH Nat. His. Soc. 

Gould, A. Augustus. —Report on the invertebrata of Massachusetts, 8vo., 1870, Boston. 

Hessenbebo, Fbibd. —Mineralogische Notizen, New Series, pt. 6, 4to., 1870, Frankfort. 

Haidinoeb, W. R. Von. —Das Kaiserlioh-Konigliche-Montanistiche Museum und die 

Freunde der Natnrwiss., 8vo., 1869, Wien. « The Authob. 

Hamt, Db. B. T.—Precis^e Palseontologie Humaine, 8vo., 1870, Paris. 

HaniIby, S., AiHd Theobald, Wm.—C onchologia Indies, pt. I, 4to., 1870, London. 

IssEL, Abtubo. —Malacologia del Mar Rosso., 8vo., 1870, Pisa. 

LinnaBSSON, j. G. 0.— On some Fossils found in Eophyton sandstone at Lugnas in Sweden, 

8vo., 1869, Stockholm. The Authob. 
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Lubbock, Sia John. —On the origin of the civilization and primitive condition of man 

8vo., 1870, London. 

Mekzel, Peop. Augt. —Die Biene in ihren Bezichungen zur Kulturgesohichte nnd ihr 

Lcben im Krieslaufe des Jahren. 4to., 1869, Zurich. 

Zurich Nat. His. Soc. 

Muib, J. —Sanskrit Texts, Vol. V, 8vo., 1870, London. Govt, of India. 

Mayeh, Ciias.—C atalogue Systdmatique et Descriptif des fossiles des TeiTains Tertiuires, 

8vo., 1870, Zurich. 

Noedenskiold, a, E.—Sketch of the Geology of Spitzbergen, Eoy. 8vo., Stockholm. 

The Authob. 

On the existence of rocks containing organic substances in the fundamental gneiss of 

Sweden, 8vo., 1870, Stockholm. The Authob. 

Quetelet, a.—O bservations des phenomcncs periodiques pendant les annees, 1865, et 1866, 

(Bxtrait du Tom. XXXVIl des Memoires Acad. Roy. de Bel¬ 
gique), 4to. The Authob. 

OosTEB, W. A., UND C. Von Fischeb.— Protozee Helvetica, Bd. II, Abth. I, 4to., 1870, 

Basle and Geneva. 

T*ekein, Anuee. —Etude Prehistorique sur la Savoie, specialcment a 1’ epoque lacustre, 8vo. 

Atlas, 4to., 1870, Chambery, 

Pictet, F. J. —Maieriaux pour la Palaeontologie Suisse, on Recueil de Monographies sur 

les Fossiles du Jura et des Alpes, Ser. V, pts. 7 aud 8, 4to., 1870, 
Geneva. 

ScHiMPEU, W. PlI.—Palicontologie Vegetale ou la Flore do Monde Primitif, 2nd Tom. 

pt. I, with Atlas, 4to., 8vo., 1870, Paris. 

Sanhbebgke, Db. F.—Laud uud Sibswasscr Conchylien der Vorwelt., Roy. 4to., 1870, 

Wiesbaden. 

Tscheemak, G. Von.—Der Meteorit von Lodrau, Aus dem LXI, Bdo. de Sitzb. d. k. Akad. 

d. Wissensch. April Heft. 1870, Wien. The Author. 

ZiTTEL, A.—PaloBontographiscbe Mittheilungen, ,4.us d. Museum, K. Bayerischen staates 

(II. 2). Die Fauna der seltern Cephalopoden, fuhrenden Tithon- 
bildungen, pt. I, text, 8vo., pi. fol. xxv—xxxii, 1870, Cassel. 


Periodicals, &c. 

Abstract of results of hourly meteorological observations taken at the Surveyor General’s 

Office from January to April and May 1870, 8vo., 1870, Calcutta. 

American Journal of Science and Arts, Vol. XLIX, Nos. 145 and 146, 8vo., 1870, New 

Haven. 

Annales des Sciences G^ologiques, Tom. I, 8vo., 1870, Paris. 

Annals of Indian Administration, Vol. XIV, pt. 1, 8vo., Serampore. Govt, of India. 

Annals and Magazine of Natural History, Vols. 5 and 6, Nos. 30, 31, and 32,4th Series, 

8vo., 1870, London. 

Bastian, A. W. Hartmann, R.—Zeitsohrift fiir Ethnologic, Jahrg. II., Heft. 2, 8vo., 1870, 

Berlin. 

Cuyper, Cb. de. Revue Universelle des Mines, de la metallurgie, des travaux publics, «S:c., <fcc., 

•l4th year, Tom. XXVII, pt. 2, 8vo., 1870. 

Geological Magazine, Vol. VII, Nos. 6 & 7, 8vo., 1870, London. 

Indian Economist, with Superintendent and Reporter, Vol. I, Nos. 11,12, folio, 1870, Calcutta. 

Indian Economist, with Superintendent and Reporter, Vol. II, Nos. 1,2, folio, 1870, Calcutta. 

Govt, op India. 

Journal de Conchiliologie, Series 3, Tom. X, No. 3, 8vo., 1870, Paris. 
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Mineral Statistiw of Victoria for the years 1868-69, 4to., 1868-69, Melboarne. 

Dbpt. of Mines, Victoeia. 

Neues Jahtbocb fiir Mineralogie, Geologie, and Palwontologie, Jahrg., 1870, 2nd Heft., 8vo., 

Stuttgart. 

Falffiontographica, Vol. XIX, pt. 3, 4to., 1870, Cassel. 

Petermann, A.—Geographische Mittheilungen, Bd. XVI, 6, 6, 7, 4to., 1870, Gotha. 

Pfeiffer, Dr. ffjouis. Malako-Zoologisohe Blatter, Bds. 16,17. 8ro., 1870, Cassel. 

Professional papers on Indian Engineering, Vol. VII, No. 28, 8vo., 1870, Roorkee. 

Major Medlet, b. e. 

Quarterly Journal of Microscopical Science, New Series, No. XXXIX, 8vo., 1870, London. 

Quarterly Journal of Science, No. XXVII, July, 1870, 8fo., 1870, London. 

Komer, Dr. Edou. Novitates Conchologicse, Suppl. Ill, Lief. 24, 25, 4to., 1870, Cassel. 

Records of the Geological Survey of India,jVol. Ill, pt. 3, 8vo., 1870, Calcutta. The Suevby. 

Reports of the Mining Surveyors and Registrars for 1867-68-69 and Ist quarter of the 

year 1870, Melbourne. Dbfx. of Mines, Victoeia. 

Government Selections, &c. 

India. —^Budget Estimate for the year 1870-71, fol., 1870, Calcutta. Govt, of India, 

„ General Report on the Topc^raphical Surveys of India, 1868-69, fol., 1870, 
Calcutta. Govt, of India. 

„ List of Civil Officers holding gazetted appointments under the Government of India 
on Ist January 1870, 8vo., 1870, Calcutta. Govt, of India. 

„ Selections from the Records of the Government of India, Homo Department, 
No. LXXVII. Papers relating to the Nicobar Islands, 8vo., 1870, 
Calcutta. Govt, of India, 

Benqal. —General Report on Public Instruction in the Lower Provinces of the Bengal 

Presidency for 1868-69, with appendices, 8vo., 1870, Calcutta. 

Govt, of Benoal. 

Bombay. —General Report of the Administration of the Bombay Presidency for 1868-69, 

8vo., 1870, Bombay. Govt, op Bombay. 

„ Selections from the Records of Bombay Government, 8vo., Bombay. Ditto. 

British Bdekah. —Annual Report on Civil and Criminal Justice of Rangoon and Moul- 

meiu lor 1869, 8vo., 1870, Rangoon. 

Govt, of British Bubmah. 

„ Report on Trade and Customs of British Burmah, 1868-69, 8vo., 1870, 

Rangoon. Govt, op Bbitish Bubmah. 

„ Revenue Report, British Burmah, for 1868-69, 8vo., 1870, Rangoon. 

Govt, of British Bubmah. 

„ Report on Public Health and Vital Statisti(is for 1869 of British Burmah, 

8vo., 1870, Rangoon. Govt, of British Burmah. 

N. W. Provinces. —Selections from the Records of Government, North-Western Provinces, 

Vol. Ill, Nos. 3, 4, 8vo., 1870, Allahabad. 

Govt, of N. W. Provinces. 

OuDH.—Report on Dispensaries and Lunatic Asylums in Hie Province of Oudh, fls., 1869, 

Lucknow. i, Govt, of Oudh. 

„ Report upon the-Administration of Criminal Justice in the Province of Oudh, 
fls., 1869, Lucknow. Govt, of Oudh. 

„ Report upon the Administration of Civil Justice in the Province of Oudh, fls. 

1869, Lucknow. Govt, of Oudh. 

„ Bepi^ on Sanitation and Vaccine for the Province of Oudh, 1869, fls., Lucknow. 

Govt, of Oudh. 
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OlTDH.—Report upon the progress of Education in the Province of Oudh, 1869, fls., 

Lucknow. Govt, of Gunn. 

„ Report on Census Table, No. V, of Oudh, Tol. I, with map, <&c., fls., 1870, Lucknow. 

Govt, of Oudh. 

Fuhjab. —Report on the Administration of the Puiyab and its dependencies for 1868-69. 

Govt, of Punjab. 

„ Selections firom the Records of the Punjab Government, New Series IV. Admin¬ 
istration of Bhawulpdr, Chumba, and Fatowdie States, 8vo., 1870. 

Govt, of Punjab. 

„ Selections from the Records of the Punjab Government, New Series VI. Sanitary 
Survey of Villages watered by the ’Western Jumna Canal, 8vo., 
1870. Govt, of Punjab. 


Tbansactions of Socibtibs. 

Bbblin. —Zeitschrift der deutscben Geol(^ischen-gesellschaft, Berlin, Bd. XXI, Heft. 1-4, 

8vo., 1869. Gbbman Geological Society. 

„ Zeitschrift der deutscben Geologischen-gesellschaft, Berlin, Bd. XXII, Heft. 1, 2, 
8vo., 1870. Gebhan VjBological Society. 

„ Monatsberichte der K. Preussischen Akad. der Wissenschaftlichen, 8vo., May, 1870, 
Berlin. The Academy. 

Bbussbls. —Memoires de 1’ Acad. Royale des sciences dee lettres, <&c., de Belgique, 

Tom. XXXV Jl, 4to., 1869. Belgian Academy. 

„ Bi&letin de 1’ Acad. Roy. des Scien. de Belgique, 2me. Ser., Tom. XV, XVI, 

1868. Belgian Academy. 

„ Annuaire de 1' Acad. Roy. des Scien. de Belgique, 8vo., 1869. Dirro. 

Calcutta. —Journal of the Asiatic Society of Bengal, pt. II, Nos. 2—3, 8vo., 1870, 

Calcutta. The Society. 

„ Proceedings, Asiatic Society, Bengal, Nos. 6, 7, 8, 1870, 8vo. 

Asiatic Society of Bengal. 

„ Journal of the Agricultural and Horticultural Society of India, Vol. II., pt. 1, 
. 8vo., 1870, Calcutta. The Society. 

Canada. —Canadian Journal of Science, Literature, and History, Vol. XII. No. 6, 8vo., 1870, 

Toronto. Canadian Institute. 

Dbesden. —Sitzungs-berichte der Naturwissensch. Gesellschaft, Isis, Nos. 1-3, January to 

March, 1869, 8vo. The Society. 

Plobbnce. —^Bolletino. R. Comitato Geologico d’ltalio, pt. 6, 8vo. Ditto. 

Gottingen. —Abhandlungen der Konigl. Gesellschaft der Wissenschaften zu Gottingen, 

Bd. XL, 4to., 1869. 

„ Nachrichten von der K. Gesells. der Wissenschaften und der Georg-August 

’ Universitat, 12mo., 1869. The Society. 

„ A ■trouomische '‘Mittheilungen von der Konigl. Sternwarte zu Gottinque, 1869> 
1 Thiel., 4to. The Society* 

Konigsbbbg. —Schriften der Kdnigl. physikalisch-economische Gesellschaft zu Konigsberg, 

Jahrg, 1^9, pt. 2, 4to. 

London. —Philosophical Transactions of Roy. Soc., No. 168, pts. 1, 2, 4to. 

, Proceedings of Royal Society of Jiondon, Vol. XVIII, 119-121, 8vo. 

” The Royal Society. 

Quarterly Journal of the Ged. Society of London, Vol. XXVI, pt. 2, No. 102, 
8vo., 1870. The Geological Society. 

Journal of the Society of Arts, Vol. XVIII, Nos. 912-923, 8vo. The Society. 

Journal of the Royal Asiatio Sodety of Great Bzitun and Ireland, Vol. IV., pt. 2, 
8vo., 1870, London. The Society. 

Proceed, of Roy. Geographical Soc., Vol. XIV, No. 2, 8vo. Ditto. 
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Mwioh.—A bhandlangen der Matbematisch-physikaHsclien classe d. Konigl. Bayerischen 

Akad. der Wisseneeli^teu, Yul. X, Abth. 2, 4to., 1868. 

The IUvaeian Academy. 

„ Sitzungs-berichte der Konigl. Bayerischen Akad. der Wissenschaften zu 
Miinchen, 8vo. 

1867, Heft. II. Nos. 3, 4. 

1868, I, 1, 4. 

1868, „ II, „ 1, 4. 

1869, „ I, „ 1,4. The Bavauiait Academy. 

„ Beobachtungen des Meteorologiseheu observatoriuins, auf dem Hohen Treissenberg, 
von 1851-64, Supplt. VII, 8vo., 1868. 

The BavASIAN Academy. 

„ Rosultate der Miinchen Meteorologischen Beobachtungen, 1857-66, Supplt. VI, 
8vo., 1868, The Bavaeian Academy. 

„ Verzeichniss von 6323 telescopischen Sternen, Supplt. VIII. 

The Bavaeian Academy. 

NedcHatel. —Bulletin de la Soc. des Sciences Nat., Tom. VIII, pt. 2, 8vo,, Neuchatel. 

The Society. 

New Yohk. —First Annual Eeport of the American Museum of Natural History, January, 

1870, 8vo. The Museum. 

Faeeemo. —Giornale di Scient. Natural, ed Eeonom. del Consiglio di Perfezionarnento di 

Palenno, Vol. I, pts. 1-4, 1865.—Vol. II, pts. 1-4, ^^66.—Vol III, 
pts, 1-4,1867.—V^ol. IV, pts. 1-4, 1868, 4to. The Institution. 
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AbSIEACT of EBSULTS op EXAHINAtlON OF THE AmMONITB-FATTNA OF KUXCH, WITH 

BBUABKS ON THBIB HISTBIBUTION AMONO THE BEDS, AND FBOBABLB AOE, by WltBIAH 

Waaoen, Ph. D., Chological Suroeg qf India. 

In preparing for tbe “ Pslscontologia Indica” a monograpb. of the fossil Cephalopoda 
and in particular of the Ahuonitid.^, represented in the Hatch J ara, I have obtained some 
general results, which may be interesting to notice in connection with the study of the 
Jurassic deposits ^that province. 

The Cephalopoda seem rather common in all the principal jurassio strata of Kutch, 
excepting in the lowest beds, which have as yet furnished only some Gastropods, a great 
number of Pelecypods, besides some undeterminable fragments of Belemnites oDd a few 
other fossils. 

The number of species of Ammonites collected by Messrs. Blanford, Wynne, and Feddcn, 
in the course of a few working seasons, amounts to about 80, of which number, however, aU 
are not in a sufficiently good state of preservation to allow of accurate determination. 
According to the different genera, which have been lately distinguished in-supercession of 
the old genus “Ammonites” the following are represented in the Kutch Jura: 6 species of 
Phylhceras, 2 of Lytoceras, 1 Haploceras, 6 Oppelia, 6 Sarpoceras, 7 Peltoceras, (n. g.) 
‘4 Aspidoceras, 17 Stephanoceras, and about 32 Perisphinctes. If we inquire into the geo¬ 
logical distribution of those genera in the European jurassic districts, we will find that the 
Pkylloceras and Lytoceras are not limited to certain strata of the Jurassic formation, but 
begin in the Trias, and extend without any interruption into the middle, and even upper 
layers of the Cretaceous period. Haploceras, on tbe contrary, occurs within narrower limits, 
appearing solitary for the first time in thd Bathonian, and disappearing i^ain in the lowest 
beds of the Neocomian, its principal development being in tbe Tithonian group. Of the 
mnus Oppelia tiie greatest number of species is found in Oxfordian and Eimmeridgian 
beds, furnishing only a few sporadic species in lower strata, and beginning in the Inferior 
Oolite. Harpoceras is characteristic for the Lias, but extends, however, in well developed 
forms up into the Oxfordian, and even into the Kimmeridgian group. Peltoceras is 
, chiefiy an Oxfordian, Aspidoceras chiefly a Kimmeridgian and a Tithonian genus. 
Stephanoceras occurs through the whole Jura, whilst Perisphinetes, represented by a larger 
number of species and specimens than any of the other genera, is mostly characteristic for 
the Uppej: Jura. 

If we now consider the number of specus, by which every single genus is represented 
in the Kut(di Jura, the simple comparison of the numhem before given, with tiie frets known 
regarding the geological position of the genera in Europe as stated above, will show us 
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at least a part of those Jurassic strata must belong to the Upper Jura, unless 
that the faunae have followed laws of distribution quite diflPerent from those 
prevalent during the time of the Jurassic deposits in Europe. 

ocoeding to tbe species, I will give brief distinctive characters of the new forms which 
I have described. There are of Phylloceran, preserved in the Geological Survey Museum,— 


PhgUocerm disputabile, Zitt. (golden oolite of Eccra hill near Charee; brown 
oolite of the Jooria hUls). 

„ Lodmense, Waagen, n. sp. (brown oolite of Lodai). 

„ Feddeni, Waagen, n. sp. (oolite with iron nodules near Dbosa), 

„ ptychoicum Quenst, (coarse iron sandstone of the Eatrol range), 

„ Zignodianvm, Orb. (golden oolite of Ecera hill). 


Phylloceras Lodaiense, Waagen, n. sp. Very closely allied to Phyll. disputabile, Zitt., 
but the furrows disappearing on the siphonal side and very deep near the umbilical 
margin; it has also much shorter and broader lobes than Phyll. disputabile. 

Phylloceras Feddeni, Waagen, n. sp. Closely resembling Phyll, Homairei, Orb., but 
the umbilicus a little smaller and the external saddle firushing in three unequal leaves. It 
differs from Phyll. euphyllum, Neum., by a little larger umbilicus and less developed third 
leaf on the external saddle. , 

The genus Lytoceras has furnished, as stated before, only two speRos, one of them 
being new; they are: 

Lytoceras Adelaides, Eudem. (golden oolite of Eeera hill). 

„ rex, Waagen, n. sp. (saiidy yellow rock, S. of Charee). 


Lytoceras rex, Waagen, n. sp. A specimen of 600 m m. in diameter. Inner whorls 
finely striated without any prominent ribs; body-chamber with a few prominent ribs, with 
broad smooth spaces between them; ribs with 7 folds on each side. 

« 

The species of Maploceras which, I have mentioned before is not determinable with 
sufficient certainty, as the last part of the body-chamber is wanting; but it is very probably 

Haploceras tomephorum, Zitt. (coarse sandy iron rock, S. of Boojooree). 

The genus Oppelia has furnished several well known European species of great interest, 
only two new forms were among tie number. The species are; 

Oppelia suheostema, Opp. (golden oolite, Eeera hill). 

„ glabella, Leckenby (gray marl nodule, Eeera hill). 

„ traehynota, Opp. (coarse sandy iron rock, Eatrol range). 

„ . Cutehensis, Waagen, n. sp. (same layer and locality). 

„ plicodiscus, Waagen, n. sp. (rock indistinct, S. of Madapoor). • 

„ cf. serrigera, Waagen (gray limestone, S. of Nurrha). 

Oppelia Cvdchensis, Wa^en, n. sp. Very much like Oppelia eontpsa, Opp., however’ 
much smaller; the siphonal side rounded, granulated; tubercles on the body-chamber scarce, 
^tuat, rounded; ribs entuibly disappearing. 

OppelUnplicodiscus, Waagen, n. sp., belonging to the group of Oppelia suhtililobata, 
W. and nearly allied to Opp. temUohata, Opp. The shell is small and covered with rather 
broad, strons^y falciform ribs, which are a little swollen at the middle of the sides; near ‘ 
the siphomd margin a great number of very fine, short rib% which we not in ocmnection with 
the o^rs, art visiU«* 
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Among the species of the genus SarpoMrag, there is a single European form; all the 
other species are as yet known only from the Indian Jura. The species are: 

Savpocerag hecticunt, Bein. (golden oolite, Keera hill). 

„ ignobile. Sow. (yellow limestone, Keera hill). 

„ crasg^almtvm, Waagen, n. sp. (same layer and locality). 

„ Orientale, Orb. (rock indistinct, Keera hill). 

„ fomix. Sow. 

„ Nurrhaihise, Waagen, n. sp. (iron nodule, Nurrha). 

Sarpoceras eragstfalcdtum, Waagen, n. sp., resembles very much S[arp, ignobile. 
Sow., but the whorls are depressed; the ribs much stronger, less numerous and much more 
irregular; the species is also of smaller size, when adult. 

llarpoceraa Nurrhaense, Waagen, n. sp. Allied to Sarp. lunula. Rein., but the ribs 
which cover the sides of the shell are much finer and sharper, and much more curved than 
in the last mentioned species. 

Peltocerag, Waagen, n. gen. This genus is, I consider, very closely allied to Aspido- 
ceras, Zitt., and possibly only a sub-genus of it. It ii^ established for the species which Zittel 
in his last volume on the Tithonian fauna has separated from his genus and united with Peri- 
gphinetes, but I think the relation between those forms believed to belong to Perisphinctes 
and Aspidoceras perarmafum, as he calls this Ammonite, are much closer than the relations 
between them and"* the true Perigphincteg, though contractions of the whorls also occur in 
the former specief. I am disposed to consider in this case the form of the lobes as the most 
important distinguishing character. Thu% for instance, in Amm. Arduennemig and Amm. 
perarmatus, the lobes are nearly identical in both species, the first lateral lobe being so much 
enlarged that the second lateral lobe becomes nearly obsolete; and as this form of lobes 
never occurs in the true Aspidoceras (as Asp. iphicervm and others) nor in the true Peri¬ 
sphinctes (as there the auxiliary lobes have another position), I think it reasonable to separate 
those species with this particular shape of lobes under a distinct generic designation. The 
genus Peltoceras is, therefore, characterised by the particularly enlarged lateral lobe, a 
‘discoid, largely umlnlicated shell; the whorls sometimes with contractions, always cohered 
with strong straight ribs, which are sometimes provided with two or three rows of spines ; 
siphonal side more or less fattened or even excavated, ribs crossing over or disappearing 
before they reach the siphonal part of the shell. Aperture more or less rectangular. 
Thus characterised, I believe, the genus should include the groups of Pelt, Arduennense, 
iransversarium, perarmatum, hybonotum and a few otber^ less known, forms. The species 
of this genus occurring in the Kutch Jura are : 

Peltoceras athleta, FhilL (gray marl nodule, N. of Goodjinseer). 

„ aegoceroides, Waagen n. sp. (brown oolite of the Jooria hiUs). 

„ Arduennense, Orb. (same layer and locality). 

„ semiirugosum, Waagen, u. sp. (brown oolite of Lodai and the Jooria 
hills). 

„ hidens, Waagen, n. sp. (same layer and locality). 

„ perarmatum. Sow. (brown oolite of Lodai and Jooria, and doubtful 
from the red sandy iron rock of Kuntkots). 

„ monacanthus, Waagen, n. sp. (coarse yellow sand rock, Katrol range). 

Peltoceras aegoceroides, Waagen, n. ap. A very small species, with many thin some¬ 
what rounded whorls and numerous simple ribs which cross the siphonal side undivided; 
whorls barely touching each other. 

Peltoceras semirugosvm, Waagen, n. sp. This species becomes extromdy large, and in 
that form closely resembles PtH. perarmatum. Sow. Young specimens, however, have almost 
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eniuely the form of Pelt. Arduennenee, Orb., with the single difference, that the ribs, which 
are, as long as they exist on the shell, divided into two branches nearly from the umbilical 
nuu^n, are stronger and less numerous. Growing larger each rib is produced at the point, 
where it passes from the lateml to the siphonal side, into a prominent spine, from which the 
rib proceeds regularly over the siphonal side. ' In yet larger specimens a second row of 
spines appears also near the umbilical margin, the ribs become then nearly obsolete, and 
fragments are only distinguishable from Pelt, perarmatum by the peculiar flattening of the 
ribs which connect the corresponding tubercles of both the umbilical and perispherical rows. 

Peltoceras bidene, Waagen, n. sp. Very much resembling the former species, but dis¬ 
tinguishable by the ribs being mostly undivided and very coarse ; they are provided on the 
siphonal side with two indistinct tubercles. Large specimens have more distant spines than 
Pelt, semirugosum. 

Peltoceras monacanthus, Waagen, n. sp. Allied to Pelt, kybonotum, 0pp., but with 
only one row of spides near the umbilical margin, and less distinct granulations on both 
sides of the median excavation on the siphonal side. 

The genus Aspidoceras, though represented in .our Museum by a good many fragments, 
has famished only two determinable species; th^ are: 

Aspidoceras vphioerum, 0pp. (red, fine sandy iron rock, N. of Dhosa). 

„ Wynnei, Waagen, n. sp. (coarse sandy iron rock, at Toodoora, S. of 
Boojooree, together with Hapl. tomephorwnC) in the highest layer 
containing Ammonites). * 

The other fragments are from the coarse iron sandstone of the Katrol range, and appear 
to be referable to Asp. ipAicerum, 0pp., and hinodum, Quenst. 

Aspidoceras Wynnei, Waagen, n. sp. Most nearly allied to Asp. Apenninicum, Zitt., 
but the outer row of tubercles stronger, and more numerous; and in general more irregular 
than in the species just quoted. 

The genus St^hanoceras is extremely rich in forms in the Kutch Jura, but notwith¬ 
standing this, it only represents there a single group, the Macrocephali. Several sub-divi¬ 
sions among the species belonging to the genus can be distinguished, facilitating the deter-' 
mination of the species themselves. I distinguish (1) a group of species, allied to the true 
8t. macrocephalum, (2) a group of species with bent ribs on the siphonal side, which replace 
in India the group of 8t, goverianvm, of Europe, (3) the group of 8t. modiolare, repre¬ 
sented in India but by a single species. 

To the first group belong the following species: 

Stephanoceras nuicrocephalum, Schlotb. (golden oolite of Eeeira hill, brown oolite 
of Jooria, grayish yellow marl rock of Jumara), 

„ ' timidum, Bein, (golden oolite, Eeera hill). 

„ Polyphemus, Waagen, n. sp. (common in the brown oolite of Lodai, 
Jooria and N. of Goo^jinseer, very rare in the golden oolite of 
Eeera hill). 

„ lamellosum. Sow. (golden oolite, Eeera hiU; P yellow sand rook, N. of 
Dhosa). 

„ C&areewwe, Waagen, n. sp. (golden oolite, Eeera hill; yellow marl 
'■rock, Jumara). 

„ Qrantanum, 0pp. (same rocks and localitira as the preceding sp.; 

also in a sandy iron rook at Eaora, Futchum). 

„ eUphantinwn, Sow. (brown oolite', Lodai). 

,,, arenosum, Waagen, n. sp. (same rook and locality), 
f Maya, Sow. (red iron rock, Eimtkote). 
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Stephanoceraa Polgphemm, Waagett, n. sp. This species grows enormously large, 
1^ feet in diameter, and seems identical with d’Orhigny’s drawing of Si, twaiidum (Orb. non 
Kein.). It diifers from the real St. tumidum by very broad rounded ribs and a smooth body- 
chamber, while Beinecke’s species has fine sharp ribs and a plicated body-chamber. 

Stephanoceras Chareeeme, "Waagen, n. sp. Allied to St. Morrisi, 0pp.,. but much 
broader near the umbilicus and with a very narrow siphonal side, on account of which the 
transversal section of the whorl is nearly triangular. There are also some differences in the 
sutures. 

StepTianoceraa arenosum, Waagen, n. sp. Of a very flat lenticular form, with faint, 
broad rounded ribs somewhat resembling St. Lalandeanum, Orb., but the ribs are not un¬ 
divided, and only few of them reach to the umbilical maigin. The lobes are also quite 
different. 

The second group includes the following species: 

Stephanoceras dimerum, Waagen, n. sp. (golden oolite, Kcera hill; gray marl rock, 
Jumara; sandy iron rock, Kaora; doubtful, Jooria). 

„ suhtrapezinum, Waagen, n. sp. (golden oolite, £eera hill). 

„ eucyclum, Waagen, n. sp. (brown oolite, Keera hill, Jooria hills). 

„ opis. Sow. (iron nodules, Keera hill; brown oolite, Jooria; oolite, 

. Dhosa). 

„ fissum. Sow. (red iron rock, Kuntkote; brown oolite, Lodai, Jooria; 
oolite, Dhosa; iron nodule, Keera bill). 

„ Nepaleme, Gray (red iron rock, Kuntkote; brown sandstone, 
Trummo river). 

Stephanoceras dimerum, Waagen, n. sp. Allied to St. B'erveyi, Sow., but with smaller 
umbilicus and with the ribs curved in front on the siphonal side. The ribs are broad and 
prominent; the general shape of the specimens somewhat globular. Body-chamber with 
strongly curved, high, lamellose ribs. The species attains scarcely more than a diameter 
of 60-60 m m. 

Stephanoceras suhtrapezinum, Waagen, n. sp., very much like the preceding species, 
but with much finer ribs, and with flattened sides of the whorls; the aperture having 
a somewhat trapezoidal shape and the form of the whole shell being more lenticular. It 
attains a little laager size than the preceding species. 

Stephanoceras eucyclum, Waagen, n. sp. Full grown specimens with preserved body- 
chamber have a slight resemblance to similarly preserved specimens of Cosnioceras omaium 
or Puncani, but the e xamina tion of the inner whorls shows that the species belongs to 
Stephanoceras. The umbilicus is very wide, the whorls a little compressed, and covered with 
polytome fine ribs; the lobes are very short and broad. 

The last group of Stephanoceras is that of Steph. modiolare, Luid., only represented 
in Kutch by a single species. 

St^hanoceras diadematum, Waagen n. sp. (golden oolite; Keera hill). 

Stephanowras diadematum, Waagen, n. sp. The species attains nearly one foot in 
diameter. Full grown specimens ard entirely smooth, and closely resemble large individuals 
of St. modiolare, Luid., except that the umbilicus is always wider; small specimens, how¬ 
ever, are entirely different, as they never have the “ Lamberti-like” shape, which characterises 
young individuals of the last mentioned species. St. diadema^m has always very broad, 
depressed whorls, which are covered in the first youth with dichotome ribs becoming after- 
wards polytome, and passing with a slight curvature in front over the flat siphonal side; 
the lateral lobes are situated on this latter portion of the shell. 
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The genus Perisphinctes has furnished, of all the Ammonites, the greatest number of 
apeoieB, and I regret that the European species of this genus are as yet so little known, that 
in many cases a comparison of our fauna with the fonns found in European strata 
becomes utterly impossible. The forms of Peri^hinctes found in Eutch may be 
conveniently divided into a few larger sections, which I may call after the oldest and best 
known species, without, however, assigning these sections the value of developmental series 
(Eormenreihen, Entwickelungsroihen). I distinguish (1). A section of forms, 
related to Per. Konigi, Sow.; the species to which I refer represent a connecting link 
between the last mentioned species and Per. Rolandi, Frischlini, and other Ammonites 
of the European Upper Jura. " The whole section ranges between the true Perisphinctes 
and Stephamceras, and, following the exteinal form, it could almost with equal right he 
referred to the one or the other of the two genera. (2). Section of forms allied to Per. 
Martiusi, Oxh. The species of this section chiefly occur in middle Jurassic andCallo- 
vi an beds, and their number was recently considerably increased by the description of new 
forms in Europe. The latest representatives of it in Europe are known from Oxford strata. 
(.3). The species of this section are allied to Per. pUcatilis, Sow., and are chiefly from 
Oxfordian and Kimmeridgian beds. (4). Section of forms allied to Per. Peh- 
manni, 0pp. A small series of species with a very peculiar shape, in many points entirely 
separated from all the other Perisphinctes, and chiefly characteristic for the Callovian- 
Besides these there occur in the Kutch-Jura also some other species which cannot be referred 
to any of those sections, and which must for the present be looked upon as sjmradic, or 
isolated species. 

The first section, characterised by the great scarcity of contractions on the whorls, 
mostly without any umbilical edge, and by thick scarce ribs, includes the following species 
from Eutch: 

Perisphinctes obtusicosta, Waagen, n. sp. (oolite of Dhosa; iron nodules of Eoora 
hill; gray marl nodules, E. of Goodjinseer). 

„ angygaster, Waagen, n. sp. (same rocks and localities as preceding 

species). 

„ Phosa'ensis, Waagen, n. sp. (oolite of Dhosa; brown oolite of tlie 

Jooria hills; iron nodule, Eoera hill). 

„ mMtans, Waagen, n. sp. (dark red iron rock, N. of Goodjinsecr). 

Perisphinctes obtusicosta, Waagen, n. sp. Slightly resembling Per. Rolandi, 0pp., 
but with less numerous and rounder ribs, which are not divided so &r down as in the last 
mentioned species; in large specimens the ribs become flatter and more numerous. The 
lobes are much finer and more ramified than in Per. Rolandi. 

Perisphinctes amgygaster, Waagen, n. sp. In ite general form resembling Per. 
involutus, Quenst., but with only dichotome ribs, which are few in number and obtusely 
rounded; in some places there is a broad, flat, contraction of the whorl visible. The lobes 
are very much like those of the preceding species. 

Perisphimates Bhosaensis, Waagen, n. sp. A small species of about 40 m m. in diameter, 
with wide umbilicus, rounded whorls and very strong dichotome ribs, which often become 
a little broader in passing ove^the siphonal side, resembling the ribs in some Aegoceras or 
in Amm. fssicostatus, to which latter species our specimens have a certmn resemblance as 
regards their ^neral form. The lateral mai^ins of the aperture have two not very long 
lancetHf^ped ears. The species seems to be common. 

Peri^hinc^ mdtat4>t Waagen, n. sp. Young specimens of this species have a certain 
resemblance to Per. DhosaSnsis, but the form changes even at an early stage: the whorls 
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become compressed, the ribs flattened, afld the body-ob&mber o£ a specimen of 60 m m. in 
diameter (about the largest size the species appears to attain) is nearly quite smootln 

The section of Per. Maritusi is represented in the Kutch Jura by nine determinable and 
at least four, as yet undeterminable, species, the latter being in our Museum only indicated by 
fragments, not sufficient for a reliable deflnition of the species. The better known species 
belonging to this section are: 

Perisphincies spirorbie, Neum. (golden oolite, Keera hill). 

„ bracteaius, Neum. (same beds and locality). 

„ funatus, 0pp. (same beds and locality), 

„ paramorphus, Waagen, n. sp, (same beds and locality).’ 
arcicosta, Waagen, n. sp. (same beds and locality). 
cwrmcosta. 0pp. (oolite of Dhosa; marl nodules, Goodjinseer; yellow 
marl rock, Jumara). 

euryptychua, Neum. (hard yellow limestone, Keera hill). 

Pagri, Waagen, n. sp. (red iron rock, Kuntkote). 

Oudjinsirensia, Waagen, n. sp. (marl nodules, Goodjinseer). 

Perisphincies paramorphus, Waagen, n. sp. A remarkable species, which undergoes 
great changes according to age. When quite young, the whorls are rounded and slightly 
involute, covered with strong, few, and didiotomous ribs; middle sized specimens have a 
slightly'squarish section of the whorls, these being more involute and covered with moder¬ 
ately numerous, strong bipartite ribs. Growing only a little larger than 100 m m. in diameter 
the whorls become rather high oval with a narrowly rounded siphonal side, and the ribs 
disappear entirely; in this stage the species resembles large specimens of Per. spirorbis. 

perisphincies arcicosta, Waagen, n. sp. An intermediate species between Per. auri- 
gcrus, 0pp., and curvicosta, 0pp. The whorls are compressed like those in the former species, 
whilst the kind of ribbing agrees more with that of the latter. The largest size to which 
the species attains is about 60—70 m m. in diameter. In such specimens the body-chamber 
is but slightly ribbed and the lateral ribs are disconnected from those situated on the siphonal 

side. 

Perisphincies Pagri, Waagen, n. sp. In its general form very nearly aUied to Per. 
Orion, 0pp., but with less strongly prominent and more numerous lateral ribs; the ribs on 
the siphonal side are slightly turned backwards. 

Perisphincies Ghidjinsirensis, Waagen, n. sp. A specif also belonging to the group 
of the Convoluti, but certainly one of the most extraordinary forms of the whole group. 
The whorls are very depressed and the umbilicus large. Young specimens are of the usual 
habit, but fuller grown ones become provided with high, distant lateral ribs, which are 
divided into three flat branches on the depressed siphonal side. Full-grown specimens do 
not exceed a diameter of 100 mm. ^ 

In connection with the few last mentioned forms I shall describe three species, which 
are as yet unknown from European Jurassic formations, and which are, strictly speaking, more 
geologically than zoologically related to the former. They are: 

Perisphincies frequms, 0pp. (oolite of a valley, w»t of Soorka hill, together 
with Phynch. myriacanthc^. 

„ denseplieaius, Waagen, n. sp. (same layer and locality). 

„ aherranst Waagen, n. sp. (white marl rock, Keera hill). 

Perisphincies denseplieatas, Waagen, n. sp. Very nearly allied to Per. frequena, 0pp., 
but with a somewhat smaller amUlious, bi^r whorls, and much finer latend ribs, which 
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are never tripartite on the outer margin, but sometimes bipartite and sometimes cross undi> 
Tided over the siphonal side. 

PerUphincies (iberrans, Waagen, n. sp. The only species with which I can comiiare 
this form is Per. Alhertinus, Cat., but the difference lies in Catollo’s species possessing a 
furrow on the siphonal side when young, while there is no trace of it in the present species. 
The dissimilarity, however, between young and old specimens of aherrans is by no means 
less marked than in Per. Alhertinus. The young form resembles a little Per. eonvolutus ; 
it has many separate rounded whorls, with fine ribs and tolerably numerous very oblique 
contractions of the whorls. When growing larger the ribs of the individual become in an 
equal degree more distant, stronger and higher on the sides of the whorls, whilst, on the 
contrary, they gradually disappear on the siphonal side. 

The third section (of Per. plicatilis. Sow.) is the richest in forms in the whole Jura. 
In Europe it is represented by at least 100 species, all occurring in strata of Oxfordian, 
Kimmeridgian or Tithonian age, but for the greater part the species are as yet undes¬ 
cribed. The difficulty, therefore, not only in determining, but in comparing the Indian 
species with Etxropean forms, is much greater in this section than in any other, and the con¬ 
clusions, which in other groups and genera are so naturally associated merely with their 
names, can in this instance not be drawn from the identity of the species, but only from the 
general habitus of the forms; however, some of the Indian species can nevertheless be 
identified with European Ammonites. The species belonging to this section are : 

Perisphinctes Indogermanm, Waagen, n. sp. (brown oolite, Jooria hills; yellow 
marl rock, Joorun). 

„ plicatUis, Sow. (red iron rock of Euntkote; same rock at Joorun). 

„ torquaitis. Sow. (coarse iron sandstone of the Katrol range). 

„ hathyploeus, Waiftgen, n. sp. (same layer and locality). 

„ Pottingeri, Sow. (same layer and locality). 

„ euplocus, Waagen, n. sp. (same layer and locality). 

„ Katrolensis, Waagen, n. sp. (same layer and locality). 

„ virguloides, Waagen, n. sp. (red iron rock of Kuntkote). 

Perisphinetes Indogermanus, Waagen, n. sp. Very nearly ^ed to Per. plicatiUs, 
Sow., and often mistaken for this species, but distinct from it by rounded whorls and flat¬ 
tened ribs on the siphonal side. There are specimens in our museum from Kutoh as well as 
from Trouville in Normandy (Zone of Am. cordatus). 

Perisphvnctes hathyploem, Waagen, n. sp. Allied to Per. torquatus. Sow., so much 
BO that young specimens are almost undistinguishable. Per. hathyploem has, however, 
always finer ribs and thicker whorls. When large, the lateral parts of the ribs are much 
swollen and distant from each other, and to each of them correspond five or six fine ribs on 
the siphonal side; only in very large specimens the latter become obsolete, or very nearly 
so. 

Perisphvnctes euplocm, Waagen, n. sp. Allied to Per. Pottingeri, Sow., but with 
much tlminer whorls, and S-shaped, irregular, fine ribs. On the body-chamber the ribs 
become scarcer, more prominent and stiraight. 

Perisphinetes Katrohnsis, ‘Wangeio., n. sp. Equally allied to Per. Pottingeri as the 
last, but attaining a much largq;|^ size, and with the body-chamber much less strongly ribbed. 

Peri^hinetes virgidoides, Waagen, n. sp. Closely resembles Per. vwgulatm, Quenst; 
^ ribs are, hotrever^ not so fine and the continctions of the shell indistinct. 

V , ' 

The next spelmea belongs to a group which is of great importance for the geology of the 
European Jura« it is— 

' .'"I:;'' Periephinttes I.eiocymon., "Wasugm, n. sp. (red iron rock of Kuntkote). 
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The group is typified by Per. polyploms, Bein. This latte^ species is known in Europe 
to be very charsoteristic for the Bimmeridgian, and not alone that, but the whole gi-oup 
is restricted to a similar horizon. It is doubtful whether in India the geological position is 
exactly the same, but nevertheless Per. lexooymen deserves particular notice. 

PerUphincies leiocymon, Waagen, n. sp. Closely allied to Per. polyplocm, Bein., but 
with much fainter ribs and of.by far larger dimensions; bnly the ribs are near the umbi¬ 
lical margin somewhat more strongly marked. The species shows also by its rounded ribs 
some slight resemblance to Per, albieum, 0pp., and thus the Indian species may be said 
to represent a connecting link between the section of Per. Martimi and the Polyploei 
group. 

The last section of Perisphinctes is that of Per. Rehmanni, 0pp. The species belong, 
ing to it usually possess spiny whorls and a flat band along the middle of the siphonal side. 
Though I think the section originates with Per. sulcatue, Hehl., I quote as the first species 
Per. Rehmanni, because the geological relations between those two species have not as 3 'et 
been established. The Indian species belonging to the section are : 

Periephinctes Rehmanni, 0pp. (golden oolite, Koera hill). 

„ anceps, Bein. (iron nodules, Eoora hill; oolite, Dhosa). 

„ arthriticus, Sow. (iron nodules, Beera hill). 

„ Jooriensis, Waagen, n. sp. (brown oolite, Jooria hills). 

Perisphinctes Jooriensis, Waagen, n. sp. Allied to Per. Balderas, 0pp., but more 
evolute, with less numerous contractions on the whorls and sharper and more regular ribs. 

The 73 species above enumerated have been determined and described li’om the mate¬ 
rials in our Museum with suifleient cOrtainty. Several forms I was obliged to put aside, 
partly because the materials were in bad preservation, and partly because there was not a 
sufficient number of specimens existing, in order to point out the exact relations or distinc¬ 
tions of the species; this is particularly the case among the Perisphinctes. 


The oldest known locality whore Ammonites ocenr, and at the same time the richest 
in forms, is the Eeera hill near Charee, anS. the mineralogical diflTerences of the rocks in 
which different species are preserved clearly indicate that there must be several distinct 
groups of middle and upper Jurassic strata exposed. This variety of the rocks cannot bo 
accidental, as is, for instance, shown by St. tumidum or Per. funatus, which never occur 
in an iron nodule, while Per. arthriticus has never been found in the golden oolite. Of the 
different beds in this locality, containing different Ammonite-faunas, I can at present point 
out two, each with a sufficiently large number of species, the golden oolite and the bod with 
iron nodules; all the other strata are represented only by a few species 
(1.) Ammonites of the Chlden Oolite of Keera hill near Charee: 


Phylloceras disputabile, Zitt. 

„ Zdgnodianum, Orb. 
lAjtoeeras Adelaides, Bud. 

Oppelia suheostaria, 0 pp. 

Harpoceras heoticum, Bein. 
Stephanoceras macrocephalum, Schloth. 
„ tumidum, Bein. 

„ Polyphemus, Waagen. 

„ lameUosum, Sow. 

w Chareeense, Waagen. 


Stephanoceras Grantanum, 0pp. 

„ dimerum, Waagen. 

„ suhtrapezinvm, Waagen. 

„ diadematum, Waagen. 

Perisphinctes spirorMs, Neum. 

„ hraeteatus, Neum. 

„ funatus, 0 pp. 

„ paramorphus, Waagen. 

„ arcicosta, Waagen. 

„ Rehmanni, 0pp. 
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Of these species Fh. dis^yutahile, Zitt., Zignodianum, Orb., and Lyt, Adeloides, Knd., 
are known to be cbaraoteristic in the mediterranean province of the Jurassic formation of 
Europe for a group of strata beginning with Bathonian and most probably terminating with 
lower Oxfordian rocks. The following species indicate a much more narrowly limited hori¬ 
zon : Steph, macrocephalum, Sohloth., tumidum, Bein., Grantanum, 0pp., Rerisph. spirorhi^, 
Neum., braeteatus, Neum., funatm, 0pp., and Behmawni, 0pp., all without exception in the 
central European province are highly characteristic for the lower Eellovian beds, or the “ zone 
of 8t. macrocephalum” of Oppel. The Ammonite.&<una of the * Golden Oolite’ shows very 
little resemblance to the faunas of other localities, and in fact there are only three species which 
are common to this layer and the brown oolite of Lodai and the Jooria hills; those are Phyll. 
disputabile, St. macroo^halum (very rare at Lodai), and Polyphemus (very rare at Keera 
hill). It seems to me that the characteristic species of the Ammonite-fauna of this 
Golden Oolite appear again only at Eaora in Futchum, and at Jumara, though similar rocks 
may be often represented in different horizons throughout the Kutch Jurassic territory. 

2). Ammonites of the Iron nodules of Keera hill near Chaxee— 

Stephanoceras opis. Sow. 

„ fissum, Sow. 

Perisphincies obtusicosta, Waagen. 

„ angygaster, Waagen. 

„ DhosaSnsiSf Waagen. 

„ anceps, Bein. 

„ arthriticus. Sow. 

The greater part of these species also occurs at the two next localities, and I shall, 
therefore, quote those occurring in the two latter immediately following. 


(3) . Ammonites of the Oolite of Phosa— 

Stephanoceras opis, Sow. 

„ fissum. Sow. 

P&'isphinctes obtusicosta, Waagen. 

„ angygaster, Waagen. 

„ Phosaensis, Waagen. * 

„ curvicosta, 0pp. 

„ anceps, Bein. 

(4) . Ammonites of the dark-gray marl nodules, Ghodjinseer-— 

Peltoeeras aihleta, Fhill. 

Perisphinctes obtusicosta, Waagen. 

„ angygaster, Waagen. 

„ curvicosta, 0pp. 

„ Ghidjinsirensis, Waagen. 

There is, I think, but little doubt that the Ammonite-fauna of these three localities in- 
dioates very closely the same geological horizon, particularly when we consider the small 
nniiaber of specimens (there are in our Museum not more than about 60 specimens preserved 
from' all the three localities) which were examined, and that these have famished so many 
identical species. 


Of the species noticed, the following are found in the European Jura r Pelt, athleta, 
Perisph. anceps and curvicosta ; all three are most characteristic forms of the upper EeUo- 
way strata. 

The next localities which have furnished a greater number of species are Lodai and 
the Jooria 1^. The rook containing the fossils is a very fine, often sandy dark-brown 
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oolite with mnch iron, and the Ammonite-fauna of both places ia ao very closely allied that 
it win not be necessary to quote the species separately. 


(6). Ammonites of the ** Brown oolite" of Lodai and the Jooria hilU — 


Bhylloceras disputahile, Zitt. 

„ Lodaiense, Waa^n. 
Beltoceras aegoceroides, Waagen. 

„ Arduenneme, Orb. 

„ gemirugosum, Waagen. 

„ bideng, Waagen. 

„ perarmatum, Sow. 

Stephanoceras macrocephalum, Schloth. 


Stephanoceras Polgphemus, Waagen. 

„ elephantinumt Sow. 

„ arenosum, Waagen. 

„ eucyclum, Was^en. 

„ Jissum, Sow. 

Peruphincteg Bhogaensi'S, Waagen. 

„ Indogertnarug, Waagen. 
„ Jooriengig, Waagen. 


Of Phyll. digputabile I have already mentioned the geological position; among the 
other species in the list it may seem a little strange to find together, apparently in the 
same layer, 8t. macrocephalum and Pelt, perarmatum. The discrepancy may be explained in 
two ways. Either there exist in Lodai and Jooria two layers of very similar lithological 
aspect, but of different age, or St, macrocephalum had in India a greater vertical distribu¬ 
tion than in Europe, that is, the species passes in India from lower into higher strata, 
during the deposition of the latter of which it was already extinct in Europe. The latter 
explanation seems to me the more plausible one, because there occurs also in another locality, 
at Kuntkote, a species of the Maerocephali, (St. Maya, Sow.,) which is so closely allied to 
St. macrocephalum, that it is hardly possible to distinguish them specifically, and also because 
in Kutch the Maerocephali group in general seems to continue, in a great vnriefy of forms, into 
higher beds than is the case in Europe. Under these circumstances, we may, therefore, con¬ 
sider as the most valuable species for determining the age of the strata above noticed the species 
of the Peltocerag, which in Europe are highly characteristic for lower and middle Oxford! ao, 
Tlie most important species are Peltoc. Arduennenee and perarmatum, and next to these 
Per. Indogermanus, which is very common in the “zone of Am. cordatus” of the “Vaches 
noires.” 


The brown oolite has, in common with the oolite of Dhosa, Steph. opts and Jiggum, 
whilst on the Keera hill we again find St. eucyclum in an indurated yellow limestone, 
together with Per. euryptychus, Neum., which possibly could represent the brown oolite in 
that place. 

The locality west of Soorka hill has furnished only two species of Ammonites— 
Perigphinctee fregueng, 0pp., and 

„ dengeplicatm, Waagen, 

associated with Shyneh. (Semithyrie) myriacantha. Deal., in a brown oolite, very much like 
that of Lodai. 

The next locality of considerable geological interest is that of Kuntkote, because 
Sowerby has described from there several species, and among them Per. calvug, which 
was most probably wrongly identified with one occurring in Europe; but unfortunately 
no specimen of true A. calvug. Sow., is found among our materials. The rock of Kunt¬ 
kote is dark-red, fine sandy, ferruginous, mnch impregnated with salt and gypsum. The 
species are— 

(6). Ammonites of the redferruginoug rock of Kuntkote: 

Peltocerag cf. perarmatum. Sow. (possibly Pelt. Oegir, 0pp.) 

Stephanocerag Maya, Sow. 

„ figgum. Sow. 

„ Nepalenge, Grav. 
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Peritphinctes Pagri, Waagen. 

„ plicaiilis. Sow. 

„ virguloides, Waagen. 

„ Uiocymon, Waagen. 

These few species can serve merely by their general character as a guide towards the 
determination of the age of the Kuntkote beds, because the only species of which the 
geological position is well known in Enrope, Per. plicatilU, indicates only generally strata 
of lower or middle Oxfordian age. The other forms of Perisphincles occurring at 
Kuntkote resemble in general character such species as, if found in Europe, would be 
referred to the middle or upper Oxfordian. This and the appearance of the rock leads 
me to believe that the Kuntkote beds are a little younger than the brown oolite, with which 
they have only a single species, St.Jksum, in common. A similar rock to that of Kuntkote 
occurs only at a certain distance north from Dhosa, where Aspidoceras iphicerum, 0pp., 
has been found in a dark-red and a slightly sandy ferruginous rook. 

The last locality of impoitance which has furnished nearly the greatest number of 
specimens of Ammonites, though the number of species is not very large, is the Katrol 
range, the rucks there being represented chiefly by coarse ferruginous sandstones and sandy 
ferruginous concretions, with frequent occurrence of fossil wood. Tho species found 
there are— 

(7). Ammonites of the G09.rm ferruginous sandstone, Katrol range: 

Phylloceras ptychoirum, Quenst. 

Haploceras of. tomephorum, Zitt, 

Oppelia trachynota, 0pp. 

„ Cutchensis, Waagen. 

Peltoceras monacanthus, Waagen. 

Aspidoceras Wynnei, Waagen. 

„ 2 sp. indet. 

Peruptiiwtes torquatus. Sow. 

„ hathyplocus, Waagen. 

„ Pottingeri, Sow. 

„ euplocus, Waagen. 

„ Katrohnsis, Waagen, 

The first three species are European forms, and two of them, Phyll. ptychoiemn and 
Hapl. tomephorum, arc very characteristic for the Tithonian formation of the Medi¬ 
terranean Jurassic province, whilst 0pp. trachymta occurs in the middle and npper Kim- 
meridge and Tithonian layers of the Mediterranean and Central European provinces. 
Of the other species, only PeZ<. monacanthus and Asp. Wynnei have a decidedly Titho¬ 
nian character, whilst among the Perisphincles, the absence of the group of Per. poly- 
plocus also indicates very high jurassic bedf^ It should also be mentioned that Mr. Fedden 
notes on the label accompanying the specimens of Asp. Wynnei and Sapl. cf. tomephorum — 
«From the highest beds containing Ammonites” 

Becapitulating briefly what I have said regarding a few of the principal localities con¬ 
taining Ammonites, it seems clear (1) that at diflerent places there are strata of a diflerent 
mineralogicol character re^esented; (2) that these strata contain species of Ammonites 
mostly.peculiar to themselves; and (3) that these species indicate distinct geological horizons. 

If we take only those species into consideration which occur in the Kntch, as well as in 
the European Jura, we find that in the golden oolite of Keera hill there are nine species of the 
zone of St. madNeephalum in the oolite of Dhosa and the equivalent beds there are three 
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species of the “aones of Perisph. aneeps and Pelt athUta}” in the brown oolite are three 
species of the “zone of Am. cotdatm" and one of the “zone of 8t. macrocephalum’' In 
the ferruginous rock of Kuntkote there is one species common to the “ zones of Am. cor- 
datus and PeZ^. traiisversarium and, lastly, in the coarse sandstone of the Katrol range 
are two species of the Tithon*formation and one common to middle and upper Eimmer- 
idgian and Tithonian. 

If, therefore, the faunas have not io their development in India followed other laws 
than they did in Europe, we might arrange the deposits of the whole of the Kutch Jura in 
the following manner: 
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west, bat where I crossed from one to the other there was an interraption of continuity 
caused by a strip of about four miles of metamorphic rocks. These may possibly only exist as 
a spur from the southern boundary, which, while they penetrate the area of sedimentaries, 
do not extend sufficiently far north to cause an absolute separation of the two fields. 

Approaching this field from the west, I first struck it about a mile, or rather less, east 
of the village of Bagchapa on the Knrket in Baigur, and thence traced it to its extreme 
eastern extension at Kosira on the Baisandar in Hengir. The distance between these points 
is 34 miles in a direct line. So far as my time admitted, I examined the country to north 
and Boaih, and at many points ascertained the definite boundaries. At others I was obliged 
to content myself with cotyectnre, but from such data as I possess 1 feel confident that the 
area occupied by the three groups of sedimentary rocks which cccur in this field will be 
found to extend over at least 400 square miles. 

With this introduction I shall, before proceeding to the actiial details resulting from my 
preliminary examination, briefly allude to such previous notices as exist regarding the occur¬ 
rence of coal and coal-bearing or associated sedimentaries in this area. 

Colonel Hanghton alludes to the Gangpur coal 
formation as possibly connected with that of Sirguja 
Colonel Hanghton, 1864.* Palamow, but adds, “ on this point I have no 

reliable data.” 

Captain Saxton communicated to the Asiatic Society in 1866 some particulars regard¬ 
ing coal in the GangpiSr Baja’s territory, some 60-60 
Captain Saxton,lB68.t miles north-west from Sumbulpdr and 26-30 miles 

from Fuddumpiir on the Mabanudi. He writes, “ should Calcutta and Bombay be hereafter 
connected by railway this coal would lie on the way. The bed appears very extensive. A 
nal& running into the Ebe river which joins the Mahanudi about ten miles above Sumbulpdr 
passes over, and through, it, and masses of the upper coal which is very light are floated 
down in the nald in the rains.” • 


No farther precise information regarding the locality is given, though little doubt can 
exist that the Baisandar is the ' nal&’ alluded to. 


In a preliminary notice on the coal and iron of Cuttack by Dr. Oldham, reference is 

Dr Oldham ratudiS to this discovery by Captain Saxton. Time 

did not admit of the Officers of the Geological Survey— 

at that season engaged in Cuttack—^visiting tlie locality. 

On the Topographical Survey Map, recently 
Topographical Sorrey Map. vv i. j iv r 6 r J • j- * j • 

published, the occurrence of coal is indicated in 

several localities, especially in the Baisandar river. 

The formations occurring in this area are l^chfrs, Bardkars, and Upper sandstones, (&c., 
(PMahadevas). 

TXncHfBS. 


The only place at which I met with rocks belonging to the T&lcMr series in this 
field was near the village of Kosira at the north-east corner of the area; they are 
very indistinctly seen, and much mixed up with a kind of arkose bed, which is precisely 
similar to one occurring on an undoubted Barikor horizon, and which will be found described 
farther on. In the Baisandar below Eosira they consist of greenish and yellow sandstones 
with a boulder bed. 


• J. A. S., B., 18M. 
t Froc. A. B., B., March, ISfiS. 
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Mr. Medlioott found T&lohirs all along the southern boandaiy of this area striking north¬ 
west from Sumbulpdr, but I had no time to connect these with my work. 

Babasabs. 


The Damdda rocks occurring in this area probably belong to the Barikar group. For 
the most part they rest immediately on the gneiss, and are covered and overlapped by the 
upper sandstones and grits so completely that but for the denuding action of rivers they 
would now be altogether concealed. This is more particularly the case in the eastern portion 
of the area where the best coal seams occur. Thus, in the Baisandar and Jhajia rivers the 
Barakars are merely exposed in the beds, while the upper rocks compose the opposing banks. 

It will be more convenient to describe the sections from east to west; I therefore 
commence with that of the Baisandar river. 


In the bed of the Baisandar, the most eastern outcrops of Bardkars occur south of 
Kosira. From this point the northern boundary of the field can be most distinctly traced 
through the southern tolah of Tikripaia; the south-eastern boundary is less distinct, but I am 
inclined to believe that a strip of Barfikars, bounded by the gneiss on the east and by the 
upper sandstones on the west, occurs at least as far south as the village of Balinga. 

The section of the Baisandar for about a mile west of Kosira discloses ordinary Barakar 
sandstones and the arkose bed above alluded to; this consists of granitic and schistose materials 
not showing any sign of having been subject to weathering. Beyond these rocks there is a 
succession of rolling seams of carbonaceous shale with occasional bands of coal; these strike 
with the boundary, but as they are all nearly horizontal, constant repetitions occur in succeeding 
streams, and I had not time to trace out the section in sufficient detail to enable me to affirm 
positively how many distinct seams exist. The first promising seam which I measured occurs 
250 yards south of the Jhapuruga and Tikripara road crossing. The following is the section:— 



DeioenMng ; dip 16° to 80° toutk of eait. 

Ft. In. 





SAnnsxoirzs. 



1. 

Bine shales 

..a 

... 3 4 

2. 

Coal 

•es 

4 7 

3. 

Irregular mass of blue shale ... 

•as 

2 6 

4. 

Coal, upper portion shaly 

eo« ••• 

... 8 10 

6. 

Puting ... 

esc •es 

0 a 

7. 

Coal, about 

tat tat 

6 0 


Several feet below not well seen. 


The coal in this seam-at first sight looked very promising, but on analysis it has proved 
to be of inferior quality, the proportion, j©f ash being 30‘6. I very much fear that there is 
at present no promise of coal of better quality and of workable thickness being found in this 
neighbourhood. Below is a seam of 80 feet of carbonaceous shale with portions coaly. This 
could not be measured without excavations being made, for which there was no time. But it 
gives no promise of containing a workable thickness of coal. 

The reaches above this expose the top of a fine seam of carbonaceous shales with coaly 
bands. The strike being with the stream, a very peculiar terraced appearance is produced. 
Above its junction with the Jhajia the course of the Baisandar is from north to south, and 
thus a very distinct section is obtained of one of the largest seams which has been recorded as 
occurring anywhere. 

It is most unfortunately deficient in workable thicknesses of good coal. The following 
is the section:— 


Ascending. 


Ft. In. 


1. Coarse grit sandstones with interpolated cub. Bholea ... 0 0 

2 . Bine and sandy shale ... ... ... ... S 0 

8. In&zlor coal with partings of oub. shales, central portion all coal 6 10 

Cutied forwud ... s 10 
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Ft. In, 

Brought forward ... 8 10 


4. 

Sandatone (thinning ont io 0 ) 

•*> 

... 

1 

8 

6. 

Blue and black ahaloa with occasional coal; layer* of 1 inch and less 

6 

6 

6. 

Ditto, more coaly, but naele** 

... 

... 

2 

0 

7. 

Blue shale* 

sea 

... 

0 

7 

8. 

Papery coal and coaly ehale ... 



4 

1 

8. 

Blue shale concretionary 


... 

1 

10 

10. 

Carb. shale passing into coaly shale 



6 

6 

11. 

Bine concretionary shale 

ee* 


6 

S 

11 

Carb. ehale with flaky coal 

oa* as* 

... 

4 10 

13. 

Blue eoneretiouary shale 



1 

8 

14. 

Carb. shales 

aao a*» 


0 

8 

16. 

Flaky cool 

... 


2 

0 

16. 

Blue concretionary shales 

•eO •** 


0 

8 

17. 

Carb, shales, portions coaly 

aae ... 

... 

2 

9 


Same decomposed 

... 


3 

6 

18. 

Bine concretionary shales—Dip sonth south-east 4P 


6 

0 

10. 

Carb. shale and flaky eaal 

... SOS 


1 

10 

20. 

Bluo concretionary shales 

ess ••• 

... 

1 

8 

21. 

Flaky carb. and coaly shale with charcoal markings, coaly por- 




tion containing mnch rod oxide of iron,;. 

... 

1 

6 

22. 

Bine concretionary shale 

00* 

... 

2 10 

28. 

Stony eoal very Impure 

as* see 


1 

2 

24. 

Ditto, portions flaky... 


... 

1 

3 

26. 

Flaky carb. shale ... 


... 

2 

0 

26. 

Blue concretionary shale 

».» eet 

as* 

4 

7 

27. 

Coal with red oxide of iron ... 

... 

... 

1 10 

28. 

Carb. shale 

... ... 

... 

0 

3 

29. 

Flaky coaly shale ... 

... ... 

... 

1 

0 

30. 

Blue shales 

... ee. 

... 

'1 

2 

31. 

Flaky carb. shales—portions coaly—IMp 4* south south-east 


7 

0 

32. 

Carb. shales ... 

... ... 

••• 

1 

3 

33. 

Some as 31 

... 

... 

2 

6 

34. 

Blue concretionary shale. Dip south 6° (comer of bend) 


1 11 

36. 

Impure eoal much mixed with red oxide of iron and passing into 




flaky eoal and earb. shaleB 

... ... 

... 

3 10 

36. 

Concretionary shale 

... 


2 

7 

87. 

Flaky eoal with iron 



0 10 

38. 

Carbonaceous shale 

... ... 


1 

2 

88. 

< onoretlonary blue ehale 



1 

3 

40. 

Oorb, shale and coaly shale 

... 

... 

1 

0 

41. 

Blue shale 

... 

..* 

1 

4 

42. 

Carbonaceous shale and stony eoal 

••• 

... 

1 

10 

43. 

Flaky eoal with earb. shale 



3 

0 

41. 

Concretionary bine shale passing into pinktsh earb. shale 

s.s 

3 

8 

46. 

Flaky eoal with carb. shale 

... ... 

... 

1 

3 

46. 

Bine ooncretionary ehide 

..e eea 

»»• 

3 

8 

47, 

Coal permeated with iron 

••• ••• 

»•» 

1 

2 

48. 

Flaky coal, about ... 

... ••* 

aee 

2 

0 

40. 

Concretionary blue shade ... 

.** ese 


3 

0 

80. 

Carbonaceous shale and flaky eoal 

... .60 

1' 4" to 2 

0 

61. 

MassiTc sandstonce irregularly interpolated and thinning out 




tOflOUth 


... 

10 10 

62. 

CarbenaoeouB ahalee 

... 

... 

0 

8 

63. 

Coaly ehale oontainiag much Iron and alternating with carb. 




flhtles ... 

*.e *.* 

... 

2 

0 

64. 

Blue and black oomwedonary shale 

..0 eea 

.«# 

0 

O' 

65. 

Same aa 6 ^ 

eta ••• 

aei 

0 

9 

66. 

Concretionary bine shale 

.*« .as 


7 

0 

67. 

ConcretionaiT blue and blaok shales with eoncretlanory layers. 
Dip4*soa& 

12 

0 

Thla is (u Boathora bonk of BolMndar. 






Total 


108 7 
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This MAftm is also seen in the streams west of the village of Sardega, bat not so clearly 
as in the Baisandar. 

Below No. 1 of ihe above seam there are some Bar&kar grits, and underneath them 
some arkose beds, which plaster over granitic gneiss, showing a most distinctly natural 
boundary. 

There are no traces of coal or other sedimentary rocks brought down from further north 
by the B aisandar . This, though not a proof that none such exist, may be taken as collateral 
evidence in favor of the view —also supported by the physical characters as represented on 
the map—that uncovered gneiss continues up to the platehu and is connected with the 
main gneiss of Eastern ITdiplir, &o. 

In the bed of the Jhigia river westwards, the large seam becomes much broken up by 
interpolations of sandstones and shales, and with the dying out of the more coaly bands the 
change is so complete that it is impossible to recognise it or trace any portion of it through 
successive reaches. Between Batansarai and Qhogarpali there are several seams or repetitions 
of a seam, but none contain coal of useful quality and thickness. As above mentioned, the 
upper sandstones appear on either bank, and in one place occupy the bod of the stream 
itself. South of Ghogarpali there is a seam containing about 30 feet of shale to one of coal. 
Above the village it is seen again, a portion having been burnt: in the unbumt part there is 
a band of 8 inches of very good coal and several thinner layers. About 25 feet in all of this 
seam is exposed at this second locality. 

Between this andBograkachar there are frequent outcrops of carbonaceous shale with coaly 
layers belonging to several distinct seams. Close to Bograkaohar there is a seam of similar 
character with a slight indication of a dip to east south-east. The contained coal is in very 
thin layers. How far these rocks may extend northwards up the bed of the river I had not 
time to ascertain, but from the pebbles I think it probable that the gneiss cannot be very 
far distant. 

This little area of carbonaceous rooks which occupies the beds of the Baisondur and 
Jhajia rivers may be best understood by regarding it as a vast seam of some 600 feet 
of coaly and carbonaceous shale with irregular partings and interpolations of sandstones. 
Occasional thin bands of good coal occur, but they ore rare, and the prevailing components 
of the seam are blue and black carbonaceoTis shales. 

The prominence and abundance of ^ outcrops axe such that no one could possibly avoid 
noticing the coaly looking beds which an^articuWly well exposed in the vicinity of fhe road 
crossing at Tikripata. 

As to the extension of these seams southwards underneath the upper sandstones 
nothing certain is at present known, and should it be found that the latter rest immediately 
on the Tdlchirs of the south boundary, then it will be impossible to solve this question 
without having recourse to boringps. 

The centre part of this field is traversed by two principal streams, the Eoldiga and the 
Eelo, with a number of smaller tributaries, ^e high ground between these is probably for 
the most part occupied by outlying patches of the upper sandstones, while in the river beds 
Baxfikor rooks are exposed. 

Kelo Section .—In the river section between Jhargaon and Hokra there are several 
outcrops of seams consisting of carbonaceous shale." Only one, that near Tiptipa, contains 
coal, but even there it is in too small quantity to bo of any use. At Hokra there is a 
10 fi)ot seam of concretionary riisle, no coal—dip 4P to SS*’ east of south. 

Beyond the Gari Gh&t there is a 2 foot seam of coneretionoiy shale and coal—dip 7° jwuth. 
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In tlie]_Bendia (near the mouth), which jobs the Kelo at 6ari, there is a considerable 
seam. 


Ateendiag~Dip irregular, 

Ft, In. 

]. Csrb. sbales, bedding irregular, with some slight coaly Iqrers 

towards base ... ... ... ’ ... ... 4—6 0 

S. Coai, portions flaky, but for the most part bomable, much wea¬ 
thered ... ... ... ... ... ... 4 10 

3. Farting, ferruginous sandstones ... ... ... 0 6 

4. Flaky coal with csrb. shale ezoessiv'ely weathered and decom¬ 

posed ... ... ... ... ... ... 6 0 


16 4—16 4 


I thbk it possible that some good coal might be extracted from this seam. In its present 
decomposed condition even, it is easy to see from the manner of weathering that good or fair 
coal exists. The thicknesses given above do not hold for all parts of the seam. In this 
same stream (Bendia) higher up a roUbg seam of carbonaceous shale with a few mches 
of coal continues on both sides for about half a mile. 

Between this and the village of Komkel there are three seams consisting of blue shales, 
the most southern of which contains some layers of good coal 6 inches thick. 

Returning to the Kelo section. At the top of the next reach beyond the mouth of the 
Bendia there is a seam containing 12—^16 feet of blue and black shales witii coaly layers—dip 
4® to 30®, south of west. 

In the next mile and a half four or five seams are met with; they are apparently repeti¬ 
tions of those above alluded to b the Bendia; none of them contain any useful quantity of 
coal. 

At Milupara there is a change in the dip to more or less north of west, and two or three 
seams are exposed with btervals covered. Sandstones are the only rocks seen up to Khara, 
but near the village there are some greenish fine sandstones which I at first thought might be 
T&lchirs, but they appear to overlie the carbonaceous shale. Near Khara there were still 
fragments of coal b the stream, which showed that the northern limit of the dSardkars had 
not been reached. There were also, however, a quantity of gneiss fragments which had 
not the appearance of havbg travelled any great distance. The hills formed of the upper 
sandstones impbge close on the bonks of the river m neighbourhood. 

Koldiga Section .—In the Koldiga below M alillia there are rolling carbonaceous shales 
with ironstones and flaggy beds, but I did not see any coal. The whole aspect of these rooks 
rembded me more of the “ carhonaceoua shale and ironstone group” than of any other rocks 
of the Damiida series which I have elsewhere met with. I am not, however, prepared to say 
at present whether they are susceptible of separation from the Bar&kar group. 

Between the Samkera and Farega and Samkera and Qasbahari road gh&ts the flags 
accompanybg the carbonaceous shales present a very peculiar appearance, bebg of green buff 
and grey colors, sometimes resembling Tfilchfrs, Wt always closely connected with the 
carbonaceous shflles. 

East of this the section consists prindpally of carbonaceous shales up to DumartoU, 
where the stream fells from the higher ground occupied by the upper sandstones. 

'M’Mftb remams b this area to be done jb the detailed separation of the Bardkars from these 
upper rocks. Except where there are marked physical features, owing to the slightness of the 
contrast b Utholegi^ characters,, it is extremely difficult to draw a satisfactory boundary. 

West from the Kelo the coal-bearing rocks are found for a distance of 13 miles. 
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In iiho P4jd river there are some fragments of coal brought from some seam or seams 
north of the high road, hut none are exposed in its immediate vicinity. 

In the Dighi stream at Deogurh there is a seam of blue and black carbonaceous shales with 
5 inches of coal at the top. Ho better seam is exposed in the river for a mile to the south. 

In the Hurinara stream there are sandstones and some traces of coaly and carbonaceous 
shales. Between the valleys of Simra and Charatanga there are some ferruginous sandstones, 
possibly Bordkars. Between Charatanga and the Kurkot river there are Bardkar sandstones, 
and the same are better seen in the bed of the river itself. The section examined in both 
directions north and south for about half a mile showed no signs of coal in situ, but fragments 
occur in the bed of the stream. 

The boundary of these rocks must cross the Kurket about midway between the villages 
of Bdbo and Bdgchapa.* 

Bdgohapa itself is on gneiss, and about a mile to the south the boundary of the Vindhyans 
is marked by a low range of hills. 

Uffsb Sakdstones. 

The manner in which, especially in the eastern portion of this field, the coal-bearing rocks 
have been covered by the upper sandstones has been already alluded to. The principal area 
of these rocks exists south of the strip of Bardkors which are exposed at the drainage level 
by the rivers and streams. How far it extends southwards is not known, and the important 
economic question as to the extension of the coal measures underneath has still to be deter¬ 
mined. If it be found that the Barakars crop out from beneath them and rest on 
the Sumbulpdr Tdlchirs described by Mr. Medlicott, then the question will be solved, but if, as 
is possible, and in some degree probable, the upper sandstones lap over on to the Tdlchfrs 
without any appearance of Bardkars intervening, then the extension of the latter can only be 
ascertained by borings. 

North of the Bardkar sections the upper sandstones form large hiUs, sometimes resting on 
the former and sometimes resting immediately on the gneiss, as is particularly well seen in the 
valley north of Jhanjgir. The lithological characters of these rocks are very much the same 
as they were in the northern fields—highly ferruginous sandstones and grits, and red brown 
and ochreous clays sometimes with firagments of plants. The bedding is for the most part 
horizontal, and apparently does not partake of the rolling which characterises the underlying 
Bordkors. * 


DbSCBIPTIOK of the SAKDSTOBTBS in the NEiaHEOHEHOOH OF THE FIE8T BABBIES OH 
THE GODdvABf, AND IH THE COtTHTBT BETWEEN THE GoDAVAbI AND E 1.I.OBE, by 
WiLiiiAM T. BiiANFOed, P. G. S., Deputy Superintendent, Geological Survey. 

A brief notice of the great sandstone tract in the valley of the Goddvarf and its tributaries 
has already been given in the Becords of the Geological Survey of India for 1871, pages 49—52. 
The following pages furnish a somewhat more detailed account of the south-eastern portion 
of this area, e^nding from the junction of the Tdl with the Goddvazi to the alluvium of 
Telaur (EUore) and Bdjdmahendri. 

The only portion of the coimtiy which has been closely examined is the area occupied 
by the Damiida rocks, which are seen in the Goddvari just below the junction of the Tdl, 
and again about 30 miles lower down ike river near the village of DeoipaU and Qanara on 
the left bank, and of Amravdram, Damarch^rla, and Mddavdram on tlfe right. The remainder 


* As I had BO map wbatever of this ooontiy, I did not sttemiU any detallad axambiatloa. 
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of the sandstone tract, consisting principallj of K&mthi beds, hM been more cnrsoiily 
surveyed. T&Ichirs occur in several small patches, mostly isolated, in the immediate ndghbour- 
hood of the river. 

The description commenees at the northern extremity of the area, at the confluence of the 
Til and Godivari. The various rooks seen on the banks of the latter river between the 
Til and TOisdriehal am are noticed in succession, then the sandstones around Ganara and 
Deorpali north of the Godivari; and the remainder of the paper is composed of notes on the 
sand^ne tract extending from Midaviram and Palinchi on ^e north to the coast alluvium 
on the south, commencing at the north-east comer near Midaviram. 

The country has hitherto attracted but little attention from Indian Geolc^ts: a portion 
of it is briefly described in Dr. Voysey's Second Report on the geology of Hydrabad* 
and in the extracts from his private joumab ;t and the sandstones on the river banks are 
noticed by Mr. Wall in hb “ Report on a reputed coal formation at Kota.”{ But none of 
these papers do much more than to mention the exbtence of sandstone or other rocks in 
particular spots. 

It may be as well briefly to mention the features of the Godivari valley above the 
mouth of ^e Til. From Sironchi the river runs through sandstones as far as the commence¬ 
ment of the second barrier just above the confluence of the Indraoti river with the Godivari. 
Mere it enters metamorphics, the sandstones (Eimthi, &c.,) occupying the country to the 
south-west. At the bottom of the barrier, after traversing a band of Vindhyan quartzites, 
the river enters the plant-bearing sandstones, and they are the only rocks seep upon its banks 
from thb point to the mouth of the Til, but at a short dbtance inbnd from the left bank 
a high range of Vindhyan quartzite runs parallel with the river, and terminates, a frw miles 
before reaching the Til, not far from the large village of Charb, whilst the quartzites and 
their associates extend as far as the Til, and re-appear south of it. On the right bank of the 
river the sandstones stretch for a considerable distance, much farther than on the left. 


All the ooimtiy between Charla and the Godivari appears to be alluvial; no rock b seen 
in the river bank for a long dbtance above the mouth of the Til. 

On the road from CJharla to Tiagra (Tengra) Tilchirs are seen about a mile from the Til. 

Some more are met with in the jungle to the east- 
Books near Chwls. ^ between the road and the Godivari none 

were detected. At Charb itself, nothing could be seen on the surbee, and the hiUs to the east- 
waiH are of Vindhyan sandstone, but blocks of uju|istakeable Simthfs have been dug out 
from the north side of the village to repair the tamL There can, I think, be but little doubt 
that these are in place, and, if so, both Damfldas and Tibhirs, whbh appear to the south¬ 
ward, must here be ovarbpped. > 

In the branch of the Godivari east of the bbnd (char or lanka) above the mouth of the 

Til one solitary block of coarse conglomerate b seen. 
Books neu month of III just above LingiU. Freobely similar rocks come in, dipping at about 17” 

to the west at the spot where the Til joins the 
Godivari. At thb p^e fragments of coal have been picked up, but despite mu<b search,. 
borings through the sapd, &o., their source had not been discovered until after I had left 
the country .§ Three hundred or 4130 yards above its mouth, Tilchfrs appear in the ^1^ dipping 


• J. A. ft, B., 1838, Vol. II, p. 808. 

' 11ft 1860. VoL XIX,pp, 887-888 and 808-80S. 

* Had. Jow. Lit. and Sol, 1867, Vol.IVni,p. 868. 

S Statoa I lafli tbO^Qoddvait' Mr. Vai^tavom has ont Into a small seam of coal the .rooke on the north 
side of the Til at Its monm. It Is about a foot thick and verr shalr. lUa is doubtless the sonros of the coal 
found at this spot.. 
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at a high angle to the westward, and the same rooks recur at intervals foi* about three milen; 
then belon^g to the Yindhyans makes its appearance. This limestone has been 

employed in the anicut and looks at the first barrier. 

Above Tiagra the T&lchfrs seem not to extend fiir east of the bed of the Tfil, metamorphics 
appearing near the stream on the right bank. On the left bank a hill of Yindhyan sand¬ 
stone appears just above Eeshdpdr. Ihe range of hills east of Tiagra, extending to Halverii, 
are of Yindhyan quartzite, east of which metamorphics occur. To the west of them T&lchfrs 
are seen near Tiagra, but to the southward all is alluvium between the road to Dumagddem 
and the river. 

Along the Geft) banks of the Qod&varf below the mouth of the T&l, reeft of typical 

Damdda sandstone, more or less conglomeratic, run 
Books on banks Godivail near Ling^ parallel with the bank to some distance south of 

Idng&li. The dip is west, and west by south,—at 
Tii pg&lA W. 30®—40° S.,—^with an inclination of 17® to 20®. These beds abound in Yindhyan 
pebbles and detritus, by which they are coloured quite red in some places. Small seams of 
coal have been found amongst them by Mr. Yanstavem in two or three places, but none 
exceeded 2 feet in thickness, and they can be traced a short distance only. Beefs of similar 
rocks occur in the river at a distance from shore, and beneath one of them a seam 5 feet thick 
was found by Mr. Yanstavem. 

At Omadh&ram, bdow Ling&li, the river bank falls back to the eastward, and the striko 
of the rocks turns to the south, and then south-west, crossing the river. Beneath the lowest 
reef of Damdda conglomerate seen is some fine sandstone, probably belonging to the TdlcMrs. 
Below ♦■Vila no rocks are seen on the left bank of the river for more than three miles. About two 
and a Vntlf miles above Famas&l& metamorphics appear, and continue as fiir as Ddmagudem. 

Above the spot, at a village called Tarkala Singaram (Byechelgoodium on one map) where 

the Bamddas appear on the right bank opposite Lin- 
GodAvarl near g41&, striking across the river, no rooks are seen in 
toe liver bank as far as Biaram, a distance of eight or 
ninfl Twilaa, and the countiy near the river bank consists of alluvium. Further inland rock crops 
out here and there, but much of toe surfiice is covered with sand or sandy clay. On the 
road from Managur to Mangampet coarse felspathic sandstone is seen in two or three 
places. There is a bill of conglomerate dipping westward, south-west of toe village of 
Bom&nji, and coarse sandstone and om^||iraierate is seen near Py&ran Tank. The hills west 
of Managur consbt of niTnilar beds, wt^ and brown in colour. The sandstone has the same 
loose pseudo-vesicular texture which is seen in some of the £&mthf beds, and in one 
spot b ftWiAnftd (day is intermixed with the rock as at Sironchd. The dip is low to toe 
west or west by north. 

Bock is exposed here and there throughout toe thick jungle with which all the coun¬ 
try is covored, except in the immediate neighbourhood of toe river bank. Some small pits 
were Tnnda and borings put down near Sit^ram, and sandy shale and clays, white, pale 
buff, pink and brown, were met with, some of those cut into in the pits containing Qhttof- 
teria. The beds seen at Singaram must be a continuation of toe Damddas seen at Lingil&, 

but it is impossible to say how much, if any, of the 
Books near singnram. coarse sandstones and conglomerates seen west of 

Managdr should be ascribed to this group. Judging 
from the other rocks fimnd to the south-east, a large proportion of these beds are probably 
E&mthi, and there is eveiy appearance of toe Bamddas being overlapped by the Kfanthfa 
near Managdr, as toey are in all probability at Charla. 
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l%e beds seen in the river bank at Singaram are brown and white sandstones, evidently 

Damddas, and the prolongation of the rocks seen at 
SlmSS “ ***“ LingdlA. Their dip varies, being usually W. 10“ to 

20“ N., and about 20“, but it ranges from 10" to 30", 
and is difficult to make out exactly. Down the river^ Tdlchlrs come in about half a mile or 
rather less helow Singaram and 200 yards west of the village of Yegdradigudem, and dip north¬ 
west about 12°. They are thence seen in the river bank at intervals for about three and a half 
miles, as far as a little village called Baigddem. Here the last outcrop of T&lchfrs occurs at a 
small jutting point; metamorphics appear about 200 yards ftirther down the river, near the 
houses of the village. A hffi not more than 100 yards from the river bank is of Yindhyan 
quartrite, but in the river itself only metamorphics are met with. The dip of the T&lchirs is 
somewhat irregular, but chiefly to the north-west, and a considerable area must be exposed. 

The country west of the river from this to Bhadrachalam was only very cursorily examined. 

The great ridge of Batangota running north-east 
west of Qodivari near Drimagfi- ^ gouth-west is of Yindhyan quartzite;, it is isolated, 

being bordered by metamorphics on the south-east, 
and partly on the north also; while to the west and south-west T&lchfrs occur, and a belt of 
them extend from its southern extremity to the Goddvari at Dumagudem, the village of Mita- 
giidem resting upon these beds. Yindhyans re-appear in the hills south and south-east of 
Mitagddem; they form the hill about a mile west of the Goddvaii opposite Ddmagudem, and 
extend south as far as Gondigddem, and thence for an unknown distance to the westward. 
Th^ are much hardened, and the softer beds are rather schistose. The southern boundary of 
the plant-bearing series runs from Batangota hill westwards through Bdga, where there is a 
hot-spring; all Damddas and Tdlchirs disappearing and massive Kamthis abutting against the 
Yindhyans. Prom near Buga the boundary runs south-west through a very wild jungle, 
metamorphics replace the Yindhyans, the latter not being found to the southward so fiir as the 
rocks were examined, whilst the area of the plant-bearing sandstones extends for an unknown 
distance to the west towards Paikhal. 

The anicut of the first barrier opposite Ddmagddem is on metamorphics, but just below 

T&lchirs come in, apparently continuous with the 
Bocks in GodtiTOTl near Dfimsg&dem. larger area to the westward. They occupy the river 

bed for rather more than a mile, and are seen on both 
banks, but do not appear to extend to the eastward. Th^ are quite characteristic, mudstones 
and fine sandstones; the dip is variable. Just belo#'Arndgaipali some coarse gritty hard 
sandstone is exposed, dipping north-west; it is unusually coarse for T&lchfrs, being even con¬ 
glomeratic. 

The map west of the river is very inaccurate, and the two banks by no means coincide. 

Just below the anicut, the right bank is marked too 
inaccuracj’ of map. &r south or down the river by 200 yards, whilst a 

mile frrther down points on the light bank are a 
quarter of a mile farther north than those which are really opposite to them on the left Tm-uIc. 

A small exposure of T&lohirs is seen on the right bank of the river at Sinter&l, two miles 
or rather more below Ddmagddem; aziother on the opposite bank (perhaps part of the same) 

» just below. The latter extends for about a mile east 

MUth of iMmagiidem. of the river. T&lchfrs again occur on the left bank 

just above D&utheram point, which is of granitoid 
metamoiphiea, and a mile and a half below they are seen for a mile along the left bank, not 
extending across to the right. They, however, stretch inland, to the eastward for about six 
miles. 
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The lowest beds seen on the river bank west of Narsapdr are compact fine grained sand¬ 
stone dipping north-east and resting with pseudo conformity, as not unfrequently happens, on 
the metamoiphi(». South of Nars&pdr, and a little east of the river bank, close to a small nala, 
this fine sandstone has been quarried to some extent for the navigation works at Dumagddeni. 
It outs well, but has been found to have a great tendency to split and crumble after exposure. 

East of Nars&pdr the ordinary shales or mudstones prevail. Boulders, some of them 
of great size, abound on the road from Nars&pdr to Bandalgiidem. One must have been 
nearly 10 feet in diameter. The larger blocks are metamorphic, but smaller pieces are of 
Vindhyan sandstone and limestone. 

Prom T&rb&k& near Narsapdr to Baigiidem, on the right bank of the Goddvarf, dose to 
' the mouth of the P&mdlerd, four miles below Bha- 

Uetsmorphlcs near Bhadr^ehalam. drdchaJam, only metamorphic rooks are seen in the 

Godavari. In Malcohnson’s Map* Deccan overlying 
trap is represented as occupying a considerable area on both sides of the river close to Bha- 

drichalam. I have not been able to trace the source 
Trap on Malcolason's Uap. of Malcohnson’s information, but it must have been 

founded on the large quantity of homblendio gneiss 
occurring at Bhadrfichalam and in the neighbourhood. Some of this is so compact as to 
become mineralogically a greenstone. 

The north or left bank of the God&vari is composed of metamorphic rocks until close to 

the village of Deorpali, whilst the south or right 
Banka of Godivarl below Bhadracbalam. bank consists of sandstone from Baigiidem, the boun¬ 

dary between the two, which appears to be a fault, 
running along the channel of the river. The hot spring at Gundala, temperature 140“, is con¬ 
cealed beneath the sand of the river, and a small well is 
Hot spring of Onndala. annually made in the sand in order to reach it. This 

is done at a feast in the month of April. The 
position of the spring is apparently a little north of the boundary between the metamorphics 
and the sandstone, but as very few rocks are seen, the exact position of this boundary is 
uncertain. 

Prom Deorpali sandstones occur, wherever any rocks are exposed, on both banks of the 

river, with one exception, as far as Ndndigdr on the 
Sandstones below Deorpalt. left bank, and a little below Miadavdimn on the right. 

'*^e exception is on the latter for about a mile and a 
half above the village of FoUram, where metamorphics appear. Below M&dav&ram no 
sandstones are known to occur. 

The sandstones around Baigiidem, Deorpali, M&davfiram, &c., are part of the great area 
extending southwards to the neighbourhood of EUore and B4j&mahendri, which has been 
briefly described in the Becords of the Geol|^cal Survey for 1871, p. 4fl. A full detail of 
the boring operations is given in the same volume of the Becords, p p. 59-66. 

In proceeding to describe the geological features of the sandstone area extending from 

'Ra.i gddam, Deorpali, and M4dav4ram on ftie north 
Arrangement of notes on the sandstone ^ alluvium of Ellore, it wiU be most convenient 

first to give such notra as have been made on the 
small tract noitii of the river near Deorpali, next those on the i^lated area to the south 
around M4dav&ram, and finally a brief account of the large extent of sandstone extending to 
the southward from Bmgddem and Paliiuoha. 


• Oool. Trans., Ser. 8, Vol. V, pi. XLVII. 



112 


Records ^ the Geological 8urv^ of India. 


[voL. nr. 


In the small sandstone area extending along tiie north or left hank of Ood&vati from 

Deorpali to N&ndigdr but little rock is exposed, 
SandrtoneB north of Ctpd4rari near DeoipsU. except in tiie hills near the first named village, the 

greater part of the ground being thickly covered with 
river allavium. The sandstones mctend inland from one to two miles fiofn the river bank, and 

consist principally of Damddas, T&lohlrs being serai 
Ssadatone tract near DeorpaU. at or outside of the northern boundary in two places, 

whilst the rocks forming the Deorpali hills are 
probably of K&mtbi age. It is possible that this tract and the corresponding one south 
of the river around M&dav&ram are faulted in places, as some of the few dips seen are 
confusing and anomalous. 

The exact position of the eastern boundary is, in great measure, undetermined. The 
first rocks expcmed are in the Nandi Tdgd* near N&ndigdr. In this, for about half a mile from 
the God&vari, fine yellow felspatMc sandstone is seen in places, dipping at a considerable 
angle to north-west by west, that is, in the direction of the boundary. Metamorphics 
occur to the eastward, but not in the immediate neighbourhood of the stream. The last 
sandstone seen to the northward in the stream bed has low but irregular dip. Above this no 
rook is seen for more than a mile, but sandstones probably occur, because rolled pebbles of 
quartz, &c., are abimdant west of the stream and south of the village of Ndlagdnta. 
Metamorphics make their appearance in the Nandi stream nearly due east of this village. 

No sandstone whatever is seen in place between the Nandi stream and the Gan&r, but 
metamorphic rocki crop out to the north. Two boreholes put down north of the village of 
Ganara entered quicksands at depths of 34 and 22 feet respectively, and it was found 
impracticable, oftw winTring ia the first instance through 18 feet, and in the second through 
24 feet of loose sand and water, to penetrate to the rook. In the Ganar Y&gii Damiidas are 
seen in two or three places about half to three quarters oS a mile from the mouth, and in a 
boring at one of these coal was discovered (see Becords, 1871, pp. 61-62). Above this 
metamorphics appear, but still farther north l^ohiis ore met with, and extend north for 
about a mile towards the villages of Maliptir and Kishtfiram. They are almost, if not 
entirely, separated from the Damtidas, metamorphics intervening not only in the stream, but 
to the east of it, while to the west the snrfisce is much covered by alluvium. 

West of tiie Gkmdr stream sandstone is exposed in several places near the village of 
T&tpali and south of Egerpeta, but the dip is obebure. Apparently it is to the south, 
and the borings put down south of T&l^ali appear to indicate that it is very slight. But at 
one spot, at a tank almost due south of Egerpeta and north-west of GKilagddem, sandstone 
is seen dipping to the north-east at 60,” proving the existence rather of faulting or of great local 
disturbance. Erom this place little, if anything, is seen to the westward as &r as Gogfileakd. 
In a field dose to S^erpetasome Tdlohir shales were found, but none could be detected thence 
to ti>e westward till about half a mile east of Ghtiftip&r, where they are exposed along the boun¬ 
dary for a short distance, and are well seen in a small nal&, all in thick jimgle. 

The hills near Deorpali consist entirdy of grit or oon^omerate, and no shale is seen in the 
section exposed in the river. It appears most probable that tire rocks belong to the 
group. Whether a fimlt, in eentinuation of the boundary south of M&dav&iW, runs up the 
river, separating these rooks from those of Amxais&ram, is doubtfuL Even if sudi be the case, 
it may 1^ of older date than the Klmthis, whidt hrare, as near Tjng41&, appear to be proved by 
thrar distribution to be quHeiunccmfomiable to the Damtidas. 

* V4gre, TellDrs fbr BtmuB, eqoiTBteit to Nadi in Hhidastanl. 
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The tract of sandstone (m the tight bank of the river opposite to that jnst dcwrilHsl 
,,, , extends from near MadaVaram to I’olarani, or ralhor 

Sandstone tract near Madavaram. ~ •in .i . i • 

more than four miles from east to west. Where brcKid- 
est it is between two and three miles from north to south. The southern boundary is nearly 
straight, and although there is not, except in the south-east comer, much appearance of disturbance 
along it, it is difficult to believe that it is natural. The dip throughout is to the westward, 
and usually rather high, being seldom less than 10°, frequently 16°, 20°, or even 30°. Talcblrs 
occur in the extreme south-east comer; all tlio remaining area appeal’s to be occupied by 
Damudas. 


The Tdlchirs are only seen in a stream which runs into the Goddvari near Raigoma ; they 
are the usual fine silty shales and sandstones, and arc vertical, or dip at high angles lo the 
west and north-west. They were not seen between the two hills just nortli of this sjiot, the 
one of raetamorphics, the other of Damiida grit and conglomerate. 

The whole eastern boundary of the rocks north of these two hills is concealed by 
alluvium in the river, which here runs nortli and south; metarnorphics are scon along the loft 
bank. To the east of the alluvium is a low rise formed of conglomerate, extending north to 
the riven* east of Madavfiram and terminating on the south in the high hill just refo.iTcd to, 
which lies west of the village of Kondapali. This hill has precijiitous sides to the east and 
south, exposing a section of the conglomerates composing it. 

In the small stream which runs into the Godavari near Injaram, north of Kondapali, 
much conglomerate is seen, but no continuous section is exposed for any distance. Rewks 
are traced at intervals along the southern boimdaiy of the field, and are usually conglomeratic. 
The hills near Polarara and a smaller rise south-east of it arc Of the same kind of rock. 1'his 
of course is in favour of the southern boundary being natural, but it should be remembered 
that the conglomerates being harder, ore more likely to bo exposed than the softer rocks 
which may intervene between them. There is much lime along the southern boundary near 
the villages of Palchalkar and Gangaram, some compact limestone occurring north of the 
last named village, but it is apparently a superficial accumulation. 

Throughout this sandstone tract, as a general rule, very little rock is seen; usually 
when any appears above the sm-face, as west of the tank south of Shiruveli, it is grit or 
conglomerate. But a tolerable, though by no means continuous, section is exposed in the 
bank of the Godavari. Here also the eastern boundary is not seen, metarnorphics ai’C mot 
with about half way across the river bed (here about a mile broad) opposite the village of 
Murmur, and at the salient angle of the river bank below Miidav&ram tliere is horizontal 
conglomerate and grit, being the same beds as those forming the rise which bounds tlic sand¬ 
stone tract on the east. The conglomeratic character appears to diminish rapidly to the 
westward, in which direction the beds for a short distance dip east, exposing about UK) feet 
of rocks, sandstone grit, and some argillaceous beds. The dip then changes to the westward 
just at the mouth of a small nald, and grey, or pale brown sandstone with occasional bands 
of grit or shale, all of typical l)4muda characters, dip at a high and rapidly increasing 
angle to the westward. At the anticlinal opposite the mouth of the little nala, a borehole was 
made to a depth of 193 feet 6 inches in order to prove rocks lower than any exposed on the 
section. It went through alternations of brown and white sandstones, witli thick beds of 
dark shale containing two or thr(« small and useless seams of coal, none of them exettoding 
8 inches in thickness (see Records, 1871, p. 61). 

At MIdavaram there is some crushing and, possibly, faulting, the sandstone beang cut up 
by calcareous veins. A high dip, varying from 20® to 40°, continues along the river bank as 
far as ShirdveU, the beds being coarse or fine sandstones of varying hardness with occasional 
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•hales. Near ShirtiTeli the dip becomes lower, la some clays just east of the villaj^e 
(jHosaopteria, Pecopterisy Vertehraria, and Catamites occur. 

Tlience to Damaroherla the dip is moderate, about 6“ to 10°, and the rocks fairly seen on 
the whole. They arc much the same as to the eastward, fine felspathic sandstone and fine 
clays predominating, with occasional hard massive bands of fine bifown sandstone. At 
Damarchcrla there is a little conglomerate and some hard ferruginous bands lilr« those in the 
Kamthis. 


About half a mile, or rather less, west of Damarcherla, the beds roll up sharply, and there 
may be a fault here. They soon roll over again and consist of coarse felspathic sandstones, 
generally pink coloured or ferruginous, and conglomerates, but associated with hard compact 
grey felspathic sandstones. These rocks continue to beyond Pohlram, metamorphics appearing 
at the mouth of the stream west of the village. 


Magnetic iron ore near Pol dram. 


A small rising ground in the metamorphics south of Polaram contains large qxiantities 

of magnetic iron ore in laminee with quartz. The 
ore has evidently been largely dug from this spot 
Iron Tnanufacture. a™ scattered over the ground. 

The iron ore shows very distinct polarity in its actipn 
on the needle. In a small village near this T found women making iron in a little furnace 
barely 2 feet high—a miniature of the Tdlchir furnace—worked by small foot bellows about 
1 foot in diameter. The furnace inside is only 6 inches in diameter at the base, 3 inches at 
the top. It is said by the people that two pieces of iron, each weighing 1| seer and valued 
at 4 annas, are made in a day.'”' 

Sandstone again comes in on the right bank of the river close to the abandoned village 

site of Piindigul. The actual junction of the two 
series is again concealed, but there can be little doubt 
of the boundary being natural. It runs to the south¬ 
ward into dense jungle, where its position is dilficult to ascertain correctly on so imperfect 
a map; the rocks being very poorly seen. 


SandatoneB near Pundig^ and Amravd- 


ram. 


In the right bank of the Godavari, from just above the base at Piindigul to the village 

of Amravaram, a good section is expos(»d in which 
SaudBtonesnearAmravdram. few‘breaks occur. The general dip is west, 

varying in amount from about 7° to 12°. Towards 
Ihe base yellowish-brown sandstone prevails, coarse and felspathic. Above this, to the 
north of the liill, there is much conglomerate, and thence to Amravaram sandstone again. 
i^Io clay or shale is seen, much less coal, hut some coarse impure ironstone occurs. 


About the middle of the villagef the section ends, and only scattered outcrops, concealed 
l)eneath the river except in the driest season, occur in the bank of the river above. Just 
above the mouth of the stream, which enters the river above the village, fragments of coal 
occur on the river’s bank just below a conspicuous clump of green bashes; some sandstone 
occurs in the bushes, and a boring might be put down through it. Above this, again, but one 
small outcrop of rock is seen, nearly in front of Thondip&li, as far as Gdmpan&pali just below 
Bigudem. Even near Mondip&k (nearly opposite Gagiihakd) only a few blocks of coarse sand¬ 
stone are exposed. Near the river hank the country is an alluvial flat, and farther inland 
a sandy rise covered with thjjjk jungle, amongst which a few scattered blocks of coarse 
sandstone and conglomerate may occasionally be seen. 


* The people were of Lohar wwte, i.low easte HloduB.’ The Kola, who are Kolariana (thongh caUed Goods 
by the JUnssulmaas of the eoaniry), are said to make iron with foot bellows in a hole In the ground without any 
furnace at all. 

t ’fhlB plaebd too far cast on the map, which ia very inaccurate about here. 
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The nalA which runs into the Goddvari, east of Amravaraiii, exposes no rock for some 
distance from its mouth, and no good section is anywhere seen in it. Soft felspathic sand¬ 
stones and, towards the base, conglomerates are met with in it here and tliere. Even less 
rook is seen in the large Macliimangd nal4 which runs past Koinetlagudem. Sandstone only 
appears in this in the form of a few blocks, exposed just below the junction of the two princi¬ 
pal streams which unite to form it. The more westvvardly of the two joining streams, how¬ 
ever, only traverses metamorphics for a very short distance: above this T&lchirs are exposed, 
although there are none in the main stream a few hundred yards distant, where the meta¬ 
morphics and Damddas are seen within a few yards of each other. After about one quarter of a 
mile of Talchirs, Damiidas or Eamthis (they are undistinguishable here) again come in dipping 
west south-west. ' There is a considerable quantity of coarse felspathic sandstone of various 
colours, mostly brown, or irregularly streaked, and hard ferruginous bauds occur at intervals ; 
occasionally cla/ is found in the sandstone. Conglomerate is not prevalent, but it is met 
here and there. 

There is absolutely nothing about these beds by which they can be distinguished from 
Damudas, but there can be but little doubt tliat the greater portion, if not all, belong to tho 
Kamthis. From the general dip they must have oveidappod the Amravdram beds. They 
appear softer than tho rocks seen in the river’s bank near Amravdram and Mudavaram, 
but this is .not an important distinction. 

Tho hills near Kometlagudcm are of open textured felspathic sandstone, usuallv white or 
pale brown in colour, with hard ferruginous bands. The sandstones on the hills in this 
neighbourhood have generally this somewhat open texture, which is not usually seen in 
ravine sections, and may be due to the washing out of the decomposed felspar from between 
the gi'ains of quartz. The character of tho sandstone is that of the Kamthi beds, but no 
tyjncal Kamthi rooks occur, neither vitreous sandstone, nor the red and yellow compact shale, 
nor the fine micaceous variegated sandstone. 

From these hills, others formed of similar sandstone steetch away to the southward, 
bordered to the east in the valley of the Machimangu stream by metamorphics, no Talchirs 
intervening. 

(To he conlinited). 
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Noth on explohation fob coai in the nobthebn beoton op the Satpuba basin, Ay 
II. B. Mbdlicott, u. a., f. o. s., Deputy Superintendent, Q-eological Survey of 
India, 

In anticipation of a detailed report of work in the Satpnra coal basin, this notice is giycn of 
any results of practical interest. The coal mines of the Sftariva, and the explorations in connec* 
tion with them as working from the only outcroi^of the measures on tho north-side of the Satpnra 
basin, have naturally been looked to for information to guide us in estimating the chances of suc¬ 
cess in other analogous positions. In previous reports I have mentioned the disappointing want 
of information derived from this source, and I regret that the same disappointment has again to 
bo expressed regarding the point upon which information was most needed—tho extension of 
the coal seams to the south, towards the dip of the basin. A boring was attempted this year 
at the edge of the Sitariva, south of the present colliery; but it came to a stand-still at 194 
feet, in the Mahadeva clay and conglomerate, short of the calculated depth at which the 
mcivsures might have been struck. Upon this most important point, therefore, we still know 
no more than might be learned from the exposed outcrops. It was always upon success in 
this direction that the best prospects of the mining concern were considered to lie; so, to a 
great extent, it may be said that those prospects are as good as ever they were. The some¬ 
what intricate stratigraphioal features noticed in my detailed report of last season’s field work 
may add some little anxiety as to the depth to which the coal may have to be followed; but 
practically this should at present only add to the urgency for vigorously prosecuting tho 
exploration to allow for the opening out of a new mine in deep ground before the exhaustion 
of the very limited supply at present available. 

Notice has also to be taken of a failure of a more positive kind in .connection with the 
exploration of tho field within the outcrop of tho measures between the present mines and 
the north boundary of the basin. In reporting upon the field in May 1870, before anything 
hod been done to try the ground, I stated the geological possibilities of the case thus :—It 
may be said that there are about two miles of known outcrop, the coal being obscurely visible 
at '&e surface at several spots along the curved line between the two collieries, hut ita thicks 
neaa or ita quality in that poaition haa not been tried. Assuming it to maintain a mean 
thickness of workable between the aggregates at the two collieries, say 25 feet, 
(at the rate of 1,000 tons per foot of thickness per acre of seam), we should have 400,000 tons 
for every .66 feet down the seam along the whole length of two miles. As at many places 
the seam may be followed for many hundred feet, it is appar^t that, without any very 
unwarrantable assumption, we may oount upon a laige supply of coal for many years to come. 

I observe in a recent report of the Narbad& Coal and Iron Company (published in the 
‘ Mining Jonmal* for July 6th, 1872), use h as been made of the last words oi this quotation. 
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-without any mention of the conditions so pointedly attached to them, and without any notice 
of the an&.TorabIe realization of those conditions as proved in subsequent trials and as already 
published in my report of May 1871 (Rec. Geol. Sur., Vol. IV., page 67). Some further trials 
during the past season in the same ground to the north of the mines have not resulted in 
anything more hopeful. Shallow pits and galleries were driven upon the outcrop in several 
places, but the seam, besides being greatly crushed, exhibits much original impoverishment, 
shale having to a great extent taken, the place of coal. It is certain, however, that this 
change is only a local accident, not a steady northerly extension of the coal, for in the vertical 
seams still further north, in the abandoned mines of the Sitariva Company, the coal, though 
ruined by the crushing it has undergone, does undoubtedly represent a rich deposit. 

This fact of rapid local change suggests an explanation of a very puzzling structural 
feature in the Narbad& Company’s mine. It has been often mentioned how the massive 
bed of coal stops out on the north-east against a steep face of sandstone. Although there 
were little or no signs of friction, and sometimes not even of crushing in the coal, this feature 
was accepted as a fault, having, accordii^ to the ordinary rule, an upthrow on the north-east. 
On this supposition a gallery was driven across the bedding, the dip being north-easterly, 
to find the coal beyond the fault; shafts were also sunk on the hill above the fault on the 
north-east, but without any success. On the chance of its being a reverse fault, a boring was 
driven to some depth, the shaft of the {nine under the river proving the same ground, but the 
seam was not found. It was thus plain that, if a fault, it must have a very considerable 
throw. Against this, however, some very strong d priori reasons were existent. The boun¬ 
dary of the two formations sweeps across the run of this supposed &ult without any dis¬ 
placement, showing that the age of the fault (if it existed) must be older than the Mahaddva 
beds, and on the other hand the constant parallelism of the strata in the two formations, with 
great steadiness of horizon in the lower group at the boundary, would be almost incompatible 
with so great a disturbance affecting the lower group only. There is some direct evidence in 
support of these arguments ; in the gallery and the shafts driven beyond the * fault’ in search 
of the seam, a quantity of hard black sandy clay with thin strings of coal was cut, for which, 
unless it represent the seam, no horizon could be assigned. I believe then that this is only a 
fault in the wider sense given to the term by miners of the nature of what is sometimes 
called a * horse-back,’ a thick drift of smid against which the coal deposit ^ded. An analo¬ 
gous feature occurs in the new mine on the lower seams ; these stop abruptly against afi east- 
west fault, of which a section is exposed in one of the road cuttings, showing certainly 
some slipping along the crack, but in the position of the seams beyond this small slip there is 
only found a band of coaly shale and even this dies out within a few yards. 

Regarding the exploration of the Satpnra coal basin in other regions, I would strongly 
recommend that efiicient trial be made both in the Dudhi and Tawa valleys at some distance 
from the north boundary of the field. In my detailed geological description of the ground 
I notice some features which complicate very much the calculation of the depth at which the 
coal may be cut; indeed any estimate at present without any local precedent to guide one 
would be no more than a guess. The analogy of other Indian coal-fields, so far as known, is 
altogether in favour of the coal here being witliin a workable depth. I would recommend 
in the Dudhi valley, and the banks of the Suk Tawa, south of Kesla, in the Tawa 
region, as suitable places for trial borings. An analogous position might be chosen at Biohla 
on the jSitariva. All these place!? would be clear of the unfavorable conditions—coarse con- 
gloineivtM,diigh.dips,and copious trap intrusions—-winch increase the difficulties of exploration 
(dose to the boandary of the field, as has been so u-nfortunately experienced in the trials made 
.by the KarbadA CoUipany; the borings they have attempted to the south have * come to 
grief at small depfhii in the coarse conglomerate. The only induoement to keep near the 
bounty there, was to be more or less within known and calculable conditions. In choosing 
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actual sites for borings in the positions now recommended, the point may be decided entirely 
with reference to the convenience of surface conditions for the operation, the geological 
data being so vague as to leave the exact point inunaterial within a considerable range; only, 
give a wide berth to trap dykes. 

The discussion of last season’s observations on the north boundary of the Satpura basin 
has led to an inference of the possibility of coal being found in the Narbada valley itself. 
Shallow borings through the alluvial deposits would show whether these were underlaid by 
the metamorphics, or by formations belonging to the coal series. 1 would recommend 
Gadurwara and Bankeri as suitable positions for this experiment. 

H. B. MEDLICOTT. 

August 1872. 


Noth on the value op the evidence apfoedeo by eatsed oystee banks on the 

COASTS op India, in estimatino the amount op elevation indicated thereby, 

hy Wm. Theobald, Geological Survey of India. 

In a paper in the Records of the Geological Survey, Fart 3 of 1872, on the 
geology of the Bombay Presidency, Mr. Blanford quotes some observations made 
hy myself in 1868, establishing the elevation of a portion of the Kattiawar coast during 
very recent times, and it is with reference to some of the evidence adduced in support of this 
assertion, and in order to correct an error caused by misreading of my notes, that I would 
here offer a few remarks. Mr. Blanford {loo. cif.). page 101, makes my estimate of the 
rise in the coast that took place in 1856 to amount to ten feet, a misreading for two, 
the words used by me being as follow :-~ 

“ Many of these oysters are seen with both valves attached, and evidently but recently 
dead; and as oysters of this size are never uncovered, I presume that an elevatory move¬ 
ment of at least two feet, and probably more, took place in 1856, the year when all the 
oysters in the creek were destroyed”. Of course a clerical error of this sort is vety easily 
made, and in this instance the actual amount of elevation that took place may in reality 
have been nearer ten than two feet. The evidence, of course, of the occurrence of oysters 
of a sort never exposed by spring tides above low water mark is conclusive, but does not 
permit a very exact gauge as to its amount. There is, however, another point connected 
with the question on which I would record a caution. There are on the coasts of India three 
species of oysters which are likely to he made use of in determining questions of littoral eleva¬ 
tion, viz., the creek oyster, the shore oyster, and the rock oyster. The creek oyster is a 
large species something like the fossil O. Sow., and possibly. Dr. Stoliezka thinks, iden¬ 
tical with 0. Crosse, and attaining occasionally the length of afoot. It is ex¬ 

cellent eating and universally esteemed, hut it is only procurable at the springs, as it rarely 
occurs in less depth than a little below lowest spring tides, and never, as a rule, above that 
level. 

The second species is, in my opinion, merely a variety of the last, and Mr. Hanley, to whom 
I submitted specimens, declared they were barely distinguishable from the European O. 
edvdis, L. This species occurs sporadically between tide-marks both on the coast of 
Kattiawar and the eastern shores of the Bay of Bengal, in common with both the other 
species, and from its sparse mode of occurrence is, in my opinion, merely an abnorina form of 
the first, reduced in size and altered in appearance hy the uncongenial surrounding amidst 
which it has been developed. A specimen collected hy myself of this form is figured as O. 
nigretnarginate, Sow. in Conch. Iconioa, Plate XXXIII, 84. The thii'd species is the little 
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Blipper oyster O. cttcullatOt Bom, which is seea crusting every stiff-beaten rock wherein 
little else save a limpet or barnacle could make good their hdd. This oyster b eaten 
largely, and b generally wholesome, but as it occurs in creeks and spots where it becomes 
subjected to very unnatural conditions a little caution should be exercised, as under drcum- 
stances it becomes, I bolbve, unwholesome. In places exposed to the open sea and the roll of 
the breakers, it would seem to flourish vigorously anywhere between tide marks, but in 
more sheltered spots its proper range seems to be lower, although its vitality b such that 
there seems to be no spot to which the fry can gain access, whereon they will not grow to 
maturity. As an instance of thb I will mention one case on the Arakan coast, where 1 noticed 
thb species growing at the extreme (neap) high water level; indeed I may say above it, 
where the oyster could never have obtained two hours continuous immersion at any time, and 
that only durii^ a few days in the month whilst for many days together it must have remained 
with its valves closed The spot where this was noticed by me was a small island ofl* the 
coast on its sheltered side. The rocks were sandstone and there was no shelter from the 
sea. I landed at high water (neaps), and the oysters I saw along the margin of the water 
were, it seemed to me, dead judging from that position. Oh knocking off one, however, with 
.a hammer, I found it was alive, and on putting it into my mouth remarked that it felt un¬ 
pleasantly warm. Prom this we maj' draw the conclusion that in investigating a raised beech 
or littoral tract the evidence afforded by the presence of the small O. cucullata only reaches 
conclusively to demonstrate the difEeronce between the spot raised and high water mark, 
and that without additional evidence no greater amount of elevation can be deduced there¬ 
from ; whilst the presence of the larger creek oyster in any raised deposit may be held to 
establish the elevation of the spot it occupied to the full amount of the interval between it 
and low water mark. In all accounts, therefore, wherein oysters are recorded as raised, it is 
very important to obtain specific information as to which oyster b meant, the difference 
involved in the discrimination amounting to the entire height to which the tide rbes in the 
locality' in question. 


Note ov ▲ possirue field of coal measobes in the GoDAVAsi Distbtct, Madbas 
Fbesidency, i'y William Kino, b. a., Deputy Superintendent, Geological Survey 
of India. 

Abont twenty miles to the westward of Bajamahindri there is a great area of 
brown and md Kamthi sandstones, <ko., which was very rapidly examined and subsequontly 
described by Mr. W. T. BUuford. * One of the desiderata of this examination was to 
ascertain if any farther indications of underlying coal-bearing rocks exbted than those 
already known on the God4vari river, but Mr. Blanford was only successful in finding 
a small field of these, to which he refers as follows:—“ In only one place was any rock 
seen which had a dbtinctly Bardhar character. This lies south of the village of Bed&- 
uol, nearly due east o& Ashraopetta, in a stream, and even in this case the rock was only 
white felspathic grit unaccompanied by shale or any other typical Damuda formation.” 

Daring the latter part of the working season just concluded, I have had an oppoiv 
tunity of going more closely over so much of Mr. Blanford’s oma as lies within the Godfi- 
vsxi sad Kbtna districts, but still without having found any other locality than the 
one pmhted'out by him. Neither could t, here, find any trace of coal, nor is there > any 
knowledge in the neighbourhood of its ever having been seen. There is yet, however, the 
possibility oS. a seaM being found by closer search, considering that there are in the stream 


live, O. 8. of I„ ISfl, psge i, WS, page 1. 
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coursee nnmeroas sand^filled gaps between outctops of rock which may bo scoured out 
differently every season and may thus show coal which we have missed*. 

The absence of shale, as noticed by Mr. Blanford, is not necessarily of material conse¬ 
quence, as local experience shows, for no shales are exposed in either the Singareny, or 
Pungady Vagu (Kamdrum, Nizam’s dominions) fields, the coal seams in both cases being 
sharply interstratifiod with sandstones. 

This being, up to the present, the only known locality in the Madras Presidency Proper 
of sandstones belonging to the Indian coal-bearing rocks, it possesses more interest than 
it possibly deserves from the small extent of the field and absence of any absolute indica¬ 
tions of coal. On this account, as well as because it may be found advisable to try the fidd 
by boring, the following short details are given. 

The field of these Beddadanol beds is about 6} square miles in extent, being situated on 
the head waters of a large feeder of the Yerra Kalwa, with the village, or rather few huts, of 
Beddadanol in its midst. It is some thirty-eight miles west-north-west of Bajamahindri, and 
about four miles or so from the boundary of the Nizam’s dominions near Ashwarowpetta. 
The nearest large village, Gunnapawarum, lies a mile and half to the south. The area of 
sandstones is itself covered by thick tree-jungle and very thinly populated. 

The strata extend for some width On either side of the river; on the left there is a 
width of little more than a mile, with a length of something more than four miles, while 
the patch is narrower on the right, being about a mile wide in the middle and thinning off 
to the north and south. 'The rocks are thick and thin bedded, coarse felspathic sandstones, 
rather friable, of white or pale grey and buff colors, weathering much darker. They occa¬ 
sionally exhibit ferruginous concretions on the weathered surface like the sandstones of 
the same group at Lingfila on the Godavari. Generally, the resemblance to the sandstones 
of the Singareny coal-field is most striking. The dip is, as a rule, south-west or westwards 
at low angles of 2°, 5**, 10°, and there are occasional undulations. 

In the small stream south of Beddadanol there is a tolerably continuous outcrop of 
sandstones, having a general dip of 2”—5° to south-west, with frequent easy rolls all down 
the bed until it debouches on the main stream. Very much the same kind of section is 
seen up the nullah north of the village, and again in a side stream further north. In the 
main river there are frequent outcrops of these sandstones below the junction of the first 
feeder mentioned above, and away in the jungle on either bank: but the best outcrops arc 
seen higher up at the watering place north-west of Beddadanol, and thence upwards along 
the river course. Here there is a good deal of sandstone displayed on either side of the 
stream in thick bods, having an easy dip to the west. These are overlaid by a mure compact 
and hard brown bed which seems to mark the change upwards into Komthi beds, as it is suc¬ 
ceeded by thinner yellow strata, and then by the red purple and brown beds so characteris¬ 
tic of that series in this part of the country. 

It is very difficult to estimate the thickness of the 'Baraka/rs as developed in the area 
under notice, owing to the frequent rollings of the strata; but as far as could be made out 
on the three stream traverses of the Beddadanol side of the field, there must be at least 
300 feet without reckoning the strata on the other side of the river which are not at all 
BO dearly seen. 


* As sS instance of tbo rarity of exposure of cool seams, the cose of the Stnsareny (See Boc. O. 8. of I., rol. V., 
port 3} ckhU 0eid may be cited, tile soam having ouiy boooniu exposed by the merest auuideut of the water in the 
stream being so low. 


114 


[vOL. V. 


Records of the Geological Surveg of India. 

To tiie west of the field, the land rising to the low fiat-topped hills of Perrumpoodee, 
&c., is all made np of KamthU, under which the Beddadanol Bardkan may extmd for 
any distance, though they will—if such be the case—^be at too great a depth to justify mere 
trial boring, unless some better evidence of coal can be obtained from the sandstones now 
exposed. Along the eastern edge of the field the strata are lying directly on quartzose 
gneiss, without any interpolation of HalcUra. Indeed, around the edge of the whole of 
the area in the two districts now referred to there is no occurrence of these latter rocks; 
the KamthU, except in Beddadanol neighbourhood, resting on gneUs. 

On the whole, it is very much to be feared that there is here only a small patch of 
Bardkara which does not extend far under the Kamtkia ; so that, if coal were eventually 
struck, the quantity would be so small as to be merely sufficient for local use. According to 
aU the observations and conclusions of my colleagues who have worked at thq coal rocks of 
India* it seems pretty clearly established, that tiie Damttdaa, so extensively developed in 
Bengal, became of less and less importance to the west and south-west, the Baneegunge beds 
eventually being entirely absent or represented by rodks containing no coal, until there was 
only a series of small outlying basins of the lowest group or Bardkara deposited on the lower 
part of the God&varf valley which now remain as the coal-fields on the Pungady Yogu 
(Kam&rum) and at Singareny, and last the sandstones of Beddadanol. On the other hand, 
the Kamtkia, considered to be in part at least representative of a higher series (Panchet) 
have thickened out greatly in this direction, and constitute the great area of sandstones to 
the north of EUore and west of the Ood&vari; which have in no case been found to contain 
coal. 

There may, of coarse, be other patches of Bardkara under this spread of Kamtkia, 
but it would be working on mere chance, and at a most enormous cost, to attempt to pierce at 
random through this thick senes on the expectation of striking on any hidden coal store. 
The succession of these Kamtkia is so clear one bed under the other for the whole distance 
across the strike from south-west to north-east, at a varying dip of 6", 10“, 20”, to the south¬ 
west, without once a sufficient undulation to bring the bottom beds nearer to the surface than 
they can be struck along the north-east edge of the field, that all borings would run to an 
enonnous depth. The only locality where at one time there appeared the slightest chance 
of finding Ibwer beds brought nearer to the surface was in the Ponakamaud Station range 
of hills, about 24 miles due norib of EUore, but it was soon found that the strata on the 
north-east slopes of the range were still underlaid by many hundreds of feet of beds of the 
same series. 

nevertheless, the finding of coal in the Madras Presidency is of such vital importance 
that it seems advisable to have a series of borings made in the Beddadanol field. A very 
few tiials, and these of no great depth, possibly not more than 300 feet at the most—and 
even this depth could to a gr^t extent be avoided by patting short bore-holes down in a line 
across the strike—would settle a question liable to drop up continually so long as it was 
believed that sandstones of the coal measures existed in the Gk>d&vaii district which had not 
been exjdored in this way. Boring tools could probably be ol4{auied from tiie depdts on the 
adjoining God&vari works, and possibly competent parties to balm charge of the trials. 

WILLIAM KINO, 

•% 

* See Reo. 0. 8. of I., part t, vcd. IT* 
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Note on the Lam^ta ob Ineba-tbapfean Fobmawon op Centbai India, hy H. B. 

Mbdlicott, m. a., p. a. s.. Deputy Superintendent, Geological Survey of India. 

Becent work enables us to record some fresh observations regarding the formation 
denoted in the publications of the Geological Survey as the Lam6ta or the infra>trappean 
group of Central India. Although never more than from one to two hundred feet 
in thickness it has a wide range, occurring continuously for great distances along the 
eastern base of the Deccan trap; from the Narbadi valley round by Amarkantak to the 
Nagpiir and Chand& country. It is principally of interest for the evidence it may give as 
to tlie age of the great volcanic formation with which it is so closely connected. Its 
position in this question is apparently conflicting, and offers an interesting test of the 
independent application of palaeontological determinations. Examined from the east 
these deposits would certainly be (and have been) identified with the very similar inter- 
trappean beds occurring in the adjoining sections; and these have been considered to be Eocene. 
This opinion was first formed from the facies of the fresh water and terrestrial fossils, 
which are the only organic remains found in these intertrappeans in the upland country; 
but it has received support from the examination of the few marine fossils found associated 
with the others in the distant outlier at B&jamahindri near the mouth of the God&veri. 
This position is geographically related to that of the upper cretaceous deposits of Trichi- 
nopoli; but Dr. Stoliczka has found that the marine fossils of the lUljdmahindri inter* 
trappeans are distinct from any occurring in those topmost cretaceous deposits. On the 
other hand, examined from the west, up the Narbada valley, the Lam^ta beds would be 
(and have been) connected with the infra-trappean deposits of Bdgh and Barwai, and these 
are cretaceous (Middle Cretaceous according to Dr. Martin Duncan, Quar. Jour. Geol. Soc., 
London, Vol. XXI, p. 349). 

The last discussion of this question was by Mr. W. T. Blanford (in Vol. VI, Mem. 
Geol. Sur., pp. 166-160 and 207-218, and Rec. Geol. Sur., Vol. V, pp. 88-93), and a 
strong case was made for the correspondence of certain infra-trappean deposits through¬ 
out the Narbadi valley. Mr. Blanfq^d’s remarks upon the eastern area were not all based 
upon his own observations, but partly upon previous work of old date on the Narbada 
coal-basin (1. c., Vol II), in which it was conjectured that the Lamdta beds on the east 
might be the equivalent of the Mdhaddva sandstones of the Pachmari hills. He was thus 
led to assimilate the calcareous portion of the Bagh series and the sandstones conformably 
underlying them to the Lamdta limestone and to the Mdhdddvfi sandstone respectively. 
Recent detailed work has shown that all the rocks known as Mahdddva in the Narbadd. 
region belong to a great plant-bearing series, the youngest member of which is the 
Jabalpiir (Jurassic) group; the Lamdta deposits being totally unconformable to this group. 
This separation of the Lamdta and M6h&ddv4 groups is so wide that were Mr. Blanford's 
conjectural identification of the sandstones confirmed, it would give very strong presumption 
of the separation of the two limestones ; but it was upon the correspondence of these that 
Mr. Blanford laid most stress ; and for them the case stands much as he left it; the 
stratigraphical break between the cretaceous deposits of B&gh and the trap overlying them 
being much less marked than the break between the trap and the nummulitics of Sdrat 
and Bharoch. Mr. Blanford was ^posed to consider the volcanic formation to be 
more nearly cretaceous than tertiary. The comparison of the R&j&mahindri fossils had 
not then been made, but Mr, Blanford, to some extent, anticipated the jresult by saying 
that “exact specific identity can scarcely be expected, the R4j&mahindri band being, 
I think, estuarine, while all the Trichinopoli beds are purely marine.” The separation 
of the Lamdtas from the intertrappeans has not lately been contemplated by any one; 
Mr. Blanford notices (1. c., p. 216,) how undistinguishable they are lithological'y; and, 
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of oo^e, tlio confirmation of tlieir close affinity would bo A link in the chain of evidence 
he bought to bear upon the age of the eruptive rocka. Thus the solution of this interest¬ 
ing iguesti^ seems closely connected with ^e determination. of tiie correspondence of 
the Bigh b^ and those similar deposits on the same infra^tn^pean horizon. 

1%e Iiatndtas, though so mudh more extensively developed than the intertrappeans, 
have ji^ed compi|irativel;$r few fossils. Tertebrate remains, some, very huge, have been found 
in them at Jabai^dr, ahid elsewh^ acme shells, establishing the Bresh water origin of the 
group; and so far, its"|^md ,^mie oonnection with the intertrappeans. One would 
then naturally go on to apply the name explsSiation to the fonnaiion of this fresh water 
basin as that given by Mr. Hanford for the intertrappeans, namely, the stoppage of local 
drainage by the outflow of trap. This would at once annex the Lamdtas to the trappean 
formation. The great. comparative continuity and extent of. the Lamdta deposits 
presents some difibsulty^ to this supposition; the conditions would rather suggest some 
more general cause, such as tilting of the surface, by which thedrmn^e* of a large area 
would be thrown back, and the direct evidence which might be looked for to connect them 
with the trap is wanting. There is not a single instance known tbroughont this extensive 
formation of a bed passing from it ovm and between trap flows, although it is very common to 
find trap dose to thick I^mneta deposits, and at a lower leveL This cirenmstanoe involves 
considerations, some of which have an important bearing upon the relations of the two 
formations, implying, as it does, either (1) abrupt inequality in the Lamdta deposits; 
or (2) oonsiderable predirappean denudation ; or (3) disturbance of the deposits, whether 
before or after the advent of the trap. The principal object of the present paper is to 
illostrate this feature of the case. 

The Lamdta group is well exposed in the immediate ndghbourhood of Jabalpdr. 
The undnlating ground to the east of the station is on the thick soft sandstones and 
pale shaly' days of the Jabalpur group; the flat hills beyond being of the Lomdta 
beds, napped by trap. On the little ridge to the north-east of the station, the Lamdtas show 
thdr greatest development, being about 160 feet thick. The south-west summit of this 
ridge, locally called Chota Simla, is capped by about 20 feet of trap; and on the 
noi^-easi^ when the Trigonometrical Survey Observatory Station is erected, there is a 
crest three-quarters of a mile long formed of trap, to a thickness of abont 50 feet. 
TMa ridge quite overlooks the trappean plateau to the sonth-east, from which it is partly 
sep^ted, on the west, by the valley of the Marjadlia stream, out through the Jabalpur 
sandstone, the base of the Lamdtas here being close under the steep rise of the ridge. 
This level is maintained by the junction along the little valley, at the head of which the trap 
of the 'pUteau rests upon the Jaholpdr group, thus giving a strong case of apparent 
unconformity, the whole 150 feet od X<amdtas disappearing within a distance of half 
a mile, at the levd of the bottom bed. South of the little valley the Lam^tas come in 
again at first only 5 to 10 feet thick, hut increasing gradniffiy to the south, the base 
of the group slopii^ down under the aUnviom in a length of about one mile and a half. 

Begarding the jumstion of the Iiomdta group with the Jabalpdr beds this section 
presumption of unoeuloiuhlty. It would he difficult to give clear evidence 
on)^ th^.:|Knnt from this lo^ity, <m aoeotmi of the massive irregular structure of the 
! and i^ is evitot that soch featores as those described might be caused 
^ dkitorbanoO of tiro conformable groups, followed by denudation 

before th^ of the tr^. I^ere ia, however, ample evidence elsewhere of the dis¬ 
cordance of and Lam^groups; the latter passing indiscriminately across 

her^ at bw of the obs^watory bill, an inlicr of Jabalpur 

out iirom tl^ siilMi^i^ng Lamdta limestone. 


He former, uQd 





MAP i»f NEIGHBOURHOOD of .IABALPUR. Scale 




















PART 4.3 MedlieoU: LtmiUt Wormatim. Ilf 

Bat it ii the juaetion that we are now concerned with. For this case the sup* 
pontion of slight distnrbaiice and considerable denudation of the Lam4tas, both pre-^appean, 
ie prvmA fane en^ested by the section described. It is desirably thongb difficult, to keep 
separate the argument for those two operations. If the supposition of disturbance be 
excluded, thereby leaving the present ander>Barface of the Lamdtas the same as at the time 
of deposition, it becomes ahuost necessary to suppose that they extended in greater force 
than we now find them over the ground to the south, and hence that they were removed 
before the overflow of the trap; fox^ it is difficult to imagine how, in a small area, the 
thickest deponts could be accumulated on the highest ground, much of them being composed 
of fine sand and clay. It is not either a uniform thinning to' the south; for in that direction 
they thicken again before passing under the alluvium. If we are to explain the great con* 
trast in thickness to the north and the south of the little valley by the presence, at the 
time of deposition, of a ridge of Jabalpdr sandstone in the position of the present valley, 
the fact of pre-trappean denudation would be equally established, for the trap now rests 
on the sandstone, at the bead of that valley, at the level of the bottom beds of the Lamfitas. 
If, on the other hand, we explain the fact of the deposits being at present thickest on 
the higher ground, by supposing a change of level subsequent to deposition, it would be 
possible to dispense with denudation, and we should be called upon to decide whether the 
disturbance occurred before or after the out-pouring of the trap. The very rough structure 
of stratification in volcanic rocks would make it very difficult, indeed, to find condusive 
evidence for or against this position. It can only be said that the general distribution of 
the Lam4ta deposits suggests a slight rdative change of level since their formation; and 
that the only direct observation bearing upon this point seems to show that the trap did 
not participate in that movement: at the base of the low scarp east by south of the village 
of Fochp^ri there is a marked apparent dip of the Lam4ta limestone by which the trap 
does not seem to be aflected; on the contrary, the level is maintained by a tiiiokening of the 
sand overlying the limestone. This dip is spoken of as ‘ apparent,’ because the origind 
irregularities in the Lam6tas are so rapid that one caxmot be certiun that the feature here- 
was really induced by disturbance. 

The internal evidence of the Lamdta deposits throws some light upon these general 
considerations. No constant sequence or composition could be given for the group. A 
limestone is its only general oharaotmstio; sometimes forming the whole of the band, 
sometimes quite subordinate in detrital deporits. All these conditions are illustrated at 
Jabalpdr. At the point of Cfaota Simla hill, and on the outlier to the west of it, the 
section is as follows:—at base is a thk^ fidse-bedded, fine, porous, finable sandstcme, paie, 
generally of a green tinge, sometimes a deep glauconite green (but not fix)m green grains), 
locally purplish and mottled. At top it is much mixed with fine laminated clay, which 
again passes into earthy, dirty, pebbly, sandy limestone. It w in this bed and locality that 
vertebrate r emains have been found. Thus limestone is here overiaid by fine crumbling 
sandy clay, pale purple mottled by green. Sandy layers are frequent, also strings of 
nodular limestone. The top limestone is a development of this tendency: it is prominently 
sandy, and is overlaid by sand. The crest of the ridge between the two terminal cappings 
of trap is formed of this upper limestone. To east of Chota Simla the lower limestones 
thicken greatly, replacing the bottom sand; and the whde BBction varies indefinitely. Under 
the trap on the observatory hill the top sand is well develoj^; a peculiar rusty, soft, fine¬ 
grained rock, quite devoid of earthy matrix; very like common form of decomposi^ 
JahalptSffisandstone, but quite unlike the usual sands of tie lliam^ta group, ^is peoalianty 
makes it very useful in revealing the internal ammgemeiil^i'^ the group, as it happ^ ^ 
pretty generally distributed in this hei||^boutbood. Thi^ on the south 
valley of tilie Marjadlia (see tim figured section) thfw ki • aoarped terrace flwDoed Cta siii^e 
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strong bed, 10 to 16 feet thick, of Lamdta limestone, resting directly on the sandstones 
and days of the Jabalpurs; and upon it rests the trap, forming a second scarp; only at two 
or three spots one finds between these a remnant of a sand identical with the top bed on the 
observatory hiUt In normally bedded rocks one would primS facie conjectnre from such a 
section that the limestone here was the upper band of the ridge, requiring, of course, for the 
non-appearance of the lower beds, the supxmsition of original overlap, with subsequent diange 
of bed. On the ground, however, one cannot resist the condusiou that the limestones fac¬ 
ing each other on opposite sides of the little valley are the same band, they so exactly 
correspond in every character; so that one is forced to account for the discrepancy otherwise, 
by the absence of all the middle beds of the ridge. The identification of the limestones on 
opposite sides of the valley, and their exact correspondence in level, sets aside the intro¬ 
duction of any abrupt change of bed at this point, so that the difficulty at first brought to 
notice of supposing the original dying out of such deposits as those of the middle beds of the 
ridge meets us now within the Lamdta group itself; and the contrast of' thickness and of 
levd is so great that one has to suppose a contemporaneous denudation to have assisted, the 
irregularity of deposition, so as to admit of the top and bottom beds of the group coming 
together within such a short distance; a general undulating disturbance having still further 
increased the apparent anomaly of the actual features. 

The considerations stated in the last paragraph, by bringing the chief discrepancy 
within the group itself, would seem to dispose of the main point at issue—the unconformity 
of the trap on the Lamdtas. But such is not the case, even for the particular section under 
notice. The top sandstone is in force on the observatory hill, and again so to the south 
of the Fachpdri flexure; and it continues so beyond the Marjadlia valley to the south-west. 
On the Pachp^ti terrace, however, between the two first of these localities, one finds the 
nearest remnants of it, an^ thb only locally between the trap and the limestone. Its 
absence is most reasonably accounted for by denudation. 

There are some local sections near Jabalpfir independently involving the conclusion 
of a pre-trappean denudation of the Lamdtas. The lidge on which the European hospital 
stands is formed of Lamdta limestone. In the river, a quarter of a mile to the east, the 
limestone associated with mottled sands reaches from the water’s edge to some 60 feet on 
the hill-side. In both positions there is a capping of trap; but between the two, on the 
north face of the rising ground, the trap reaches to a lower level. Again, in the reverse 
valley, to the north-east of the Maijadlia water-shed, the trap reaches nearly to the stream 
on the south-east side, at a much lower level than the Lamdta limestone within a few yards 
of it on the north-eastern spur of the observatory ridge. 

,The views illustrated in the foregoing remarks upon the sections at Jabalpdr are briefly 
these : that the Lam^tas are clearly pre-trappean ; that there is good evidence for a slight 
pre-trappean disturbance of -that group; and, that there is conclusive evidence for pre-trap¬ 
pean denudation. 

Hie local denudation of the Lamdta group would not be of much significance as an 
indication of any partial separation of it from the trappean formation ; for, as Mr. Blanford 
has himself shown, the inter-iaappeans have also suffered denudation before their inclusion 
the Mr. Blanford indeed, did not propose any separation of the Lamdtas from 

'igto^intei^trappeans, but rather, through their connection, to establish the cretaceous, rather 
than t^rtia^ age of the trappean formation; the correspondence of the Lamdtas with 
the B%h hs^s being the point he most insisted on. And, certainly, the petrographical homo¬ 
logy of these j^ups is very striking. The considerations here offered tend to confirm 
; thkt identifilhafiidn. 
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The denudation of the Lamdtas eeems to have been much greater to the west <•!»».» to 
the east. From Jabalpdr they ^n be traced oontinaously for great distances round the 
Mandia plateau. That so moderately thick a formation should be so unbroken proves, at 
least, that the basin in which it was deposited was not there laid dry for any considerable 
period before the advent of the trap; if it does not indeed establish a closer connection 
with the volcanic outburst. It is very difEerent to the westward : in going along the 
Narbadd valley gaps become more and more frequent, and of greater length. In most of 
these cases it is demonstrable that the deposits are only denuded remnants, the volcanic 
rock frequently appearing close by at a lower level. 

The most westerly occurrence of these patches of Lamdtas—that can, at least, be 
included with the main area of that formation, there being a break of 130 miles on the 
south side of the valley between it and the inf ra-trappeans of Pun&sa and the Dhdr Forest*-* 
is deserving of special notice for the peculiarity of its position, and because large vertebrate 
remains, j^ough scarcely perfect enough for identification, have been found in it. It is not 
even quite certain that it is Lamdta, because the supporting rock is not visible; but the 
lithological characters are so marked as to give much confidence in the identification. It 
forms a small inlier, weathered from beneath the trap in the bed of the Shdr river, under 
the village of Kareia. There is a deep pool in the river, on the up side of which massive 
trap forms a steep fall; while on the down side of the pool, twenty yards aernss, these 
Lam^ta beds rise abruptly, having a small dip down stream. The trap appears in the 
bank above them, resting on a highly baked red sandstone, the top surface of a greenish 
earthy rook, which is confusedly associated with a more ordinarily pebbly sandstone and with 
a sandy pebbly limestone; a total thickness of about 15 feet. Within about fifty yards 
the trap again occupies the bed of the river, and some eighty yards lower down the water 
cuts a narrow gorge through massive Jabalptir sandstone, for about two miles. The cross* 
ing trap seems to be part of the same mass as that facing the strata on the opposite side of 
the pool; thus implying a steep face of denudation. If this patch of Lam^tas was ever 
continuous with the main area, it must have been through valleys now filled up by trap, 
for it is separated ficom the present Karbadfi valley by a broad raised area of Jabalpi^ 
sandstone. In this re^on the Lam^tas do not intervene between the trap and the Jabalpurs, 
even at very small elevations. 

If it be assnmed that these patches of Hamdtas are indeed remnants of a once eonti* 
nuous deposit, this feature of denudation in the western region becomes a very important 
one. At present I see no escape from that conclusion : these patches are all on the same 
approximate horizon, and there is in most cases no assignable reason for their original 
limitation as local basins. The suppositions of once intervening marks of older rocks would 
equally prove the great denudation. I think, moroover, we are hardly at liberty to suppose 
these lo^ basins to have been determined by intervening trap-flows, for the reason already 
stated, that no single case has been observed of Lamdta beds overlapping, however steeply, 
on trap. 

It is important to notice a precaution that must obviotisly be taken in applying this 
crucial test of the pre-trappean honzon of the Lam^ta beds. The Deccan tn^ is found in 
difEerent xenons of its very extended border resting upon metamorpbics or other old forma* 
tions at every level, from the moderate elevation of the Narbadfi vaMey up to the highlands 
of the Weptem Gh&ts^ Its local base must, therefore, be presumed to be of different horizon 
in the formaticu at these different localities. It must so bappsap that on the horizon of 
the inter*trappsan deposits, these shonld occasionally lap freely over the trap* on to the 
sdjmning rooks j and they would, moreover, in such positiems ! assume the sandy, pebbly 
character so common in the Lamdtas, and so rare in the strictly inter*trappean basins. 
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There though locally infra-trappean, these beds would, of courae, belong to the inter-trapp^n 
horizon. In hia sketch of the Geology of the Bombay Presidency (Eecords, Geological 
Survey, Vol. V, page 93), Mr. Blanford notices some cases of this kind, as observed by Mr. 
Poote in the !Ealadgi and Belgaon districts. The fact that in these exceptional positions 
the deposits contain the usual fossils of the inter-trappean beds only brings into greater 
contrast the prevailing absence of such remains in the much more largely developed deposits 
of the Lam^ta group ; and also the occurrence of these overlaps in the comparatively 
restricted inter-trappean deposits gives some warrant to the demand for their production in 
the case of the widely extended Lamdtas before these can be accepted as cotemporaiieous 
with the trap. 

August 1872. 


A BBIilF KOTICB OF SOME BKCENTLT MSCOVEBED PeTBOIEUM lOCAMTlES IK PeOU, 

hy W. Theobald, Geological Survey of India. 

In the third number of the Records of the Geological Survey for 1870, a brief notice 
is given by me of the occurrence in Pegu of petroleum at the then newly discovered locality 
of Pudouk-ben near Thaiet-mio. Since that date two other localities have been the scene 
of a not unsuccessful search for petroleum, the main facts connected with which I will here 
review. 

The first locality visited by me is situated eleven and a half miles west of Prome 
Pagoda in a small stream falling into the Boogoo river, and three miles above the village 
of Toung-bo-ji, on the same small stream, which has no name applied to it on the published 
maps, but is locally known as the Mahu-choung.* This spot lies within the area of the 
unaltered nummulitic rocks, and is situated in a belt of undulating jungly ground, charac¬ 
terised by a general absence of water, and wherein, consequently, no vUlages exist, the scarcity 
of water appearing to depend on the impermeable character of the clays, which here mainly 
form the surface of the country. No good section of the beds is seen between Prome and 
the Mahu-choung, and the passage from the impermeable clays of the newer tertiaries to the 
similar beds of the nummulitic group is obscure and unindicated on the jungle clad surface 
of the ground by any obvious physical sign. *The cause of this is the absence here of the 
nummulitic limestone, the highest member of the group, and, where present, an excellent 
horizon for the newer group; but this rock has here died out, and in default of good sections, 
the boundaiy of the two groups is thereby rendered indistinct. 

The petroleum was first detected by some squatting families of Cuteh-boilers, who settle 
in this arid tract as long as surface water is procurable in the small pools and watercourses 
in it, and these men remarked that in some spots where the water was very low and on the 
point of drying up, it possessed a flavor of petroleum. The presence of petroleum was, 
I am informed, noticed as a film on the water, where a dam had been thrown across the 
Mahu-choung near the village of Toung-bo-ji, below the spot where petroleum has since been 
obtained. 

An enterprising and intelligent Chinaman possessed of a little capital determined to 
test the value of these surfaee indications, and sank some shafts along the course of the 
stream and on a line having an east by north bearing of less than one hundred yards in 
The most promising shaft. No. 2, w4s sunk in the bed of the stream, which was 
ar tifima H y ^fleeted round it, and was carried to a depth of over 40 feet, through light- 


* =river or streui. 
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bluish clays containing Foraminifera (Tnloculina or some allied form), but few other fossils, 
and evidently an homogeneous d^osit formed in still water. The clay has not been pierced 
by the shaft, and, though yielding petroleum, does not appear to be the source or mother bed of 
it. 1 judge then from the petroleum appearing to line cracks and interstices in the clay 
rather than to be disseminated thror^h it, as may be seen by fracturing the larger pieces, 
which, though superficially imbued to a small extent, do not seem to be equally permeated 
by it throughout, that it seems probable that the true naphthagenous beds of the group have 
yet to be reached. Into this shaft petroleum trickled at something like two gallons a day, 
till it became filled with water and was abandoned during the monsoon. 

It may at first sight seem a curious thing that no more petroleum escaped into the 
shaft after it had become full of water; but I think a sufficient explanation of this lies in 
tlic mode of stowage of tho petroleum in the rock. The oil occupying minute fissures or 
partings in the clay escaped by mere gravitation into the shaft as long as it was kept clear; 
but became at once arrested in its course, and, so to say, ponded back when met and opposed 
by tho pressure of a column of water of 40 feet. 

1 have since heard that the shaft has been re-opened and deepened, and that thereon the 
petroleum recommenced to flow, but the ultimate results of the experiment I am unable at 
present to ascertain. 

The second locality near the village of Bau-byin (Fau-fyeng in map) is situated some 
„ , . twelve and a half miles west-north-west from the circuit house at 

Thaiet-mio, and about a mile above the village, which is on the 
banks of the stream, which falls into the Irawadi a little above Thaiet-mio. It is moreover 
distant about four miles north-east of the Fudouk-ben locality, previously noticed in the 
Records for 1870. 

In the neighbourhood are several spots where indications of petroleum occur, all in 
beds of the newer tertiaries and on pretty much the same horizon therein. Bluish shales 
are the predominant beds here, interspersed with sandstones; and fossils are not rare 
throughout of the ordinary aspect of the fossils of this group, sundry species of Area, 
Peeten, laocardia, Ostrea, Solen, Cypreea. Conua, Turritella, with crustacean remains 
and shark's teeth, having been procured by me in the vicinity. 

In the stream about a mile above the village, the blue shales are exposed in a steep 
bluff undercut by the river, and a brown colored patch near the leveji of the stream indicates 
the extent to which the infiltration of the shales by petroleum has here reached. A little 
below this point a feeble escape of petroleum takes place into the stream from an orifice 
at about its ordinary dry season level. Close to this point a bed of sandstone with a dip 
of 70° south comes in, demonstrating a somewhat abrupt downthrow of the shales, which 
higher up stream are gently undulating, and the presence of this bed has not improbably 
determined the escape of the petroleum at this point, by opposing an obstacle to its upward 
progress, or permeation. 

A shaft was sunk on the precipitous bank of the nulla, and a little petroleum 
obtained from it, but the site was bad, as it is scarcely possible to prevent the stream from 
cutting away the bank and destroying the work. About half way between tbe banks of the 
stream on the curve, I recommended a trial shaft should be sunk,- the selection being made 
with reference to the position of the presumed extension of the bed of sandstone noticed above, 
which it seemed to me undesirable to try, hut beneath which a certaiff supply of oil may be 
■with some confidence looked for. Its escape intq the stream, and its diffumon among the 
shales a little higher up the stream, with other indications at no great distance, render a 
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search for the oil here rather less a matter of speculation than is usually tiie case. One thing 
is remarkable, and that is, on the supposition as advoeated by me, that the naphthagenous 
beds are members of the nummulitic group. A great thickness of beds, not perhaps less 
than 2,000 feet, must be interposed between the source of the oil and ite point here of natural 
discharge. These beds are more or less porous, and may hereafter possibly prove sufiSciently 
rich in petroleum for profitable working, or possibly for purposes of distillation, but nothing 
but an experimental shaft will satisfikctorily settle their economic value. 

The petroleum from the above localities is very similar and more fluid than the com¬ 
mercial or Yenan-choung oil, a difference depending, probably, more on the length of time 
either has been exposed to the air than on any difference in chemical constitution, but no 
exact analysis has yet been made. 


COBBECTION BEeASPIEG THB StTFPOSEP BOZOONAI. PtlCBSTONB OF YbLPAK BILE. 

See Rec. &, S. of India, Vol. V, part 2. 

Specimens of this limestone were sent home' to Professor William King, Sc. D., of 
Queen’s University of Ireland, for examination, which has resulted in the opinion that there 
is no eozoonal structure evident. Dr. King states that the rock consists of layers of two 
or more silicious minerals, and others containing calcareous matter; the former being in 
general the thickest and most abundant. The silicious layers are of a pale dirty green color. 
Examined with a good magnifying power, they are seen to be made up of rough grains of 
grey quartz and flattened particles of a greenish amorphous substance which appears to be 
chemically related to some amphibolic mineral; both kinds are generally compacted together 
by themselves, but occasionally calcareous matter is intermixed with them. Here and there 
the layers are reddened with an iron oxide. The calcareous layers, of a dark bluish green color, 
are charged wi^ the prementioned grains and particles, principally the latter, and often to 
such an extent as to become essentially silicious. “ In all cases the calcareous constituent is 
in the amorphous condition, neither saccharoidal nor crystalline, resembling that of ordinary 
blue*grey limestone. 

“ Examined after decalcification, the microscope shows the silicious layers intact except 
where they contain calcareous matters; in this case the component grains and particles, instead 
of being closely adherent, are separated by interstitial vacancies. The calcareous layers which 
are etched out to a slight depth exhibit a large number of the green flattened particles, and 
usually a smaller number of the quartz grains standing out in relief in the undissolved por¬ 
tion, and generally lying lengthways and parallel to the silicious layers. The components 
of the latter layers also affect a parallel arrangement. 

“ The rock, strictly speaking, cannot be called metamorphic. It resembles in texture 
some of the imperfectly developed gneissodes common in Connemara. The thickly laminated 
portions have all the appearance of being depositional in their origin. But often there are 
thin laminsQ folding round nuclei, seemingly concretionary, which api>ear to be the result of 
snpervened agendes. It was a specimen of the rock in the latter state that was decalcified. 

** The interlamination of the silicious and calcareous mineral substances, as observed 
by the anassisted eye, and its resemblance to a similar peculiarity present in certain speci- 
me>Mi of £rom the Grand Calumet, Cana^ and which alone first gave rise to the 

supposition that it represented a fossil, have evidently suggested the same idea in connection 
with the-YellanbldeTodl; but diligent oluervation with the microscope does not bring out 
the least trace of anything approaching to the so-called * cwaal system,’ or * nummuline 
)ayer,* diagnosed for E^zoon.” 
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DONATIONS TO MUSEUM. 

Mallet, J., Esq. —Professor of Applied Chemistry, Unirersity of Virginia.*— A fine specimen 

of Meteoric Iron, from the mass found in Augusta Co. Virginia. 

Theobald, Wm., Esq. — k. collection of seventeen ancient stone implements from British 

Burmah. 

Haceet; C. a.— k. small agate implement from the Chambul valley, Kerowlie. 

Peal, S. E. O., Assam.—A supposed ancient stone implement, found in the clay near 

Sibsaugor, Assam. 

Stewaet, a. G., C. S., Bajahmundry .—a series of fossils from Katem near Eajahmuudiy. 


ACCESSIONS TO LIBKAEY. 


Fbom 1st Jxtlt to 30th Sepxeubbb 1872. 


Titles of Books. Donors. 

Albbbti, P. Vo».— Beitrag zu einer Monographic des Bunten Sandsteins Muschelkalks und 

Eeupers, (1834), 8vo., Stuttgart. 

Arbeiten der Geologischen Section fiir Landesdurchforschung von Bohmen, (1869), 8vo., Prag. 

Biancoki, J. J.—^Eepertorio Italiano per la Storia Naturals. Bepertorium Italicum, Vol. I, 

(1863), II, (1864), (1853-64), 8vo., Bononite. 

Billinos, E.—Geological Survey of Canada. Catalogue of the Silurian Fossils of the 

Island of Anticosti, (1866), 8vo., Montreal. 

Geological Sdbvbt of Canada. 
„ Geological Survey of Canada. Palroozoio Fossils, Vol. I, (1861-66), 8vo., 
Montreal. 


Ditto. 


Boll, Ebnst. —^Beitrag zur kenntniss der silurischen Cephalopoden, (1867), 8vo., Schwerin. 
Bbadn, Db. C. F. W.—Beitraege zur Urgeschichte der Pflanzen.—Ueber Kirchneria, (1854), 

4to., Bayreuth. 

Capellini, J., et Hbeb, O.—Les Phyllites Cr^tacdes du Nebraska, (1867), 8vo. 

Dawson, J. W.—Geological Survey of Canada. The Fossil Plants of the Devonian and 

Upper Silurian Formations of Canada, (1871), 8vo., Montreal. 

Geological Subvet of Canada. 
Exploration G6ologique du Canada. Bapport de Progrds pour 1844 et 1863-56, 8vo., 

Toronto. 


Geological Subvbt of Canada. 
Flbuing, Db., et Konince, L. de. —Mdmoire sur les FossUes Paldozoiques recueillis dans 

r Inde, (1863), 8vo., Lidge. 


Geological Survey of Canada. Figures and descriptions of Canadian organic remains. 

Decade I. Saltbb, J. W.—Fossils from the base of the Trenton Group, (1869). 
„ II. Hall, Pbof. Jakes.— Graptolitideie from the Lower Silurian, (1866). 
„ III. Billings, E.—C^stidese and Asteriadsa. 

w „ and Saltbb, J. W.—Genus Cyolocystoides. 

Jones, T. B.—Palssozoio Bivalve Entmnostraca, (1868). 
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ntUs qf Books. Donors. 

Pecade IV. BilZiZNOS, E.—Crinoidea from the Lower Silurian, (1859), 8vo., Montreal. 

GsOLOaiCi.Ii StrSTET of CiNiBi. 


Geological Survey of Canada. Report of Progress from its commencement to 1863. With 

Atlas, (1868), 8vo., Montreal. 

GeOLOOICAL StTEVBT OF CANADA. 
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Summary Report of Progress in Geological Investigations, 
dated 1st May 1869. 

Summary Report of Progress in Geological Investigations, 
dated 1st May 1870, (1869-70,) 8vo., Ottawa. 

* PlTTO. 

Report of Progress for 1848-49. 

„ „ 1852-63, 

„ „ 1868. 

„ „ 1866-69,8vo,, Montreal. 

Ditto. 


Gohes, B. a. —CommissSo Geologica d| Portugal Vegetaes Fosseis. Flora Fossil do Terreno' 

Carbonifero, (1865), 4to., Lisbon. 

Hosrns, Pbof. Db. —Beitrage zur Geognosie Westphalena. Die in der Westfalischen Kreide- 

formation vorkonunenden Pilanzenreste, (1869), 8vo., Miinchen. 

Htznt, Db. T. Stbbbt, Canada.— ^A Geographical, Agricultural, and Mineralogical Sketch, 

(1865,) 8vo., Quebec. 

Geolooical Subvey of Canada. 

„ „ „ Lauaentian Limestones of North America, (1871), 8vo,, Albany. 

Ditto. 

„ „ „ Geological Survey of Canada. Report on the Goderich Salt 

Region, (1870), 8vo., Montreal. 

. Ditto. 

„ „ „ Geological Surv^ of Canada. Report on the Gold Region of Nova 

Scotia, (1868), 8vo., Ottawa. 

Ditto. 

Looan, W. E. —Remarks on the Mining Region of Lake Superior, and Report on Mining 

Locations claimed on the Canadian Shores of tiie Lake, (1847), 
8vo., MontreaL 

Geolooical Subyet of Canada. 

Ldyneb, le Due DE. —^Voyage d’Ezploration a la Mer Morte a Petra et sur la Rive gauche 

du Jourdain, liv. 2-8, (1872)> 4to., Paris. 

MuBBaY, Albxandeb.— Report on the Geology of Newfoundland for 1865. With a Pre- 

&toiy Report and an Appendix by Sir W. E. Logan, (1866), 
SvSt, Montreal. 

. ' Gbolooioal Sttbyby OF Canada. 

Notes on Gold of Eastern Cuiada, (1864), 8vo., Montreal. 

Ditto. 

Pallas, P, Ss—(S pirilla Zoologicsp* Band I, (1767 )-tXIV, (1780),—(1767-80), 4to., 

BeroUnL 
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Titles of Boohs. Donors. 

American Jonmal of Conchology, Vol. VII, pt. 3, (1871*72), 8ro., Philadelphia. 

„ „ of Science and Arts, 3rd Series, Vol. Ill, Nos. 13*19, (1872), 8to., New 

Haven. 

Annales des Mines, 7th Ser., Vol. I, liv. 2, (1872), 8vo., Paris. 

L’AnKimsTB. des Mines. 

Annali di Storia Natnrale, Ease. I, (1829)*-XII, (1830), 8vo., Bologna. 

Annals and Magazine of Natural History, 4ith Ser., Vol. IX, Nos. 64-56, (1872), 8vo., London. 

Costa, Achileb. —^Eauna del Regno di Napoli, Ease. 116, Neuroptera, (1860*70), 4to., 

Napoli. ^ 

Geological Magazine, Vol. IX, Nos. 1-8, (1872), 8vo., London. 

Haklbt, STnYANtrs, and Thbobadd, Wm.—C onchologia Indica, pt. 4, (1872), 4to., London. 
.Indian Annals of Medical Science, No. XXIX, (1872), 8vo., Calcutta. 

The Editor. 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Yol. Ill, Nos. 11,12, 

and Yol. IV, No. 1, (1872), 4to., Bombay. 

Govebnuent of India. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Yol. XLIII, Nos. 288-291, (1872), 8vo., London. 

Martini dnd Cheunitz.— Systematisches Conohylien Cabinet, Lief. 208, (1872), 4to., 

NUmberg. 

Neues Jahrbuch fiir Mineralogie, Geologic, und Palseontologie, Jahrgang, 1872, Hefb 1-4, 

(1872), 8vo., Stuttgart. 

Nuovi annali delle Scienze Natural!— 

let Ser., Vol. I, (1838)—X, (1843). 

2nd „ „ I, (1844)—X, (1848). 

3rd „ „ I, (1850)—X, (1864), 8vo., Bologna. 

Petbruann, Dr. A.—(^ographisohe Mittheilungen, Band XVIII, Nos. 5*7, (1872), 4to., 

(ik}tha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. I, Nos. 1-5, (1872), 8vo., 

*Eoorkee, 

Princifad, Thokason Coileob, Roorkbe. 
Quarterly Journal of Science, No. XXXV, (1872), 8vo., London. 

Report on the Progress and Condition of the Royal Gardens at Eew during the year 1871, 

(1872), 8vo., London. 

The Sitfebintbndbkt, Ebw Gabdens. 

Victoria. Coal*fields, Western Port. Beport of the Board, (1872), flso., Melbourne. 

Dbfartkbnt of Mines, Victoria. 

„ Beport of the Mining Survi^orB and Registrars for quarter ending 31st March 

1872, (1872), flsc., Melbourne. 


Ditto. 
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GOVERNMENT SELECTIONS, &c. 

Titlee qf Boohs. Donors. 

BekoaIi.—S uiTB, Davjd B. —Beport of the Sanitary Commissioner for Bengal for the year 

1870-71. With Appendix, (1872), flsc., Calcutta. 

GorEEBMEET OE BBUCfAL. 

Bbitish Bubma. —^British Burma, General Department, (MisceUaneoua). Administration 

Beport for 1870-71, (1872), 8vo., Rangoon. 

Chief Couhisszoneb of Bbitish Bvbha. 
Inpia. —^Annals of Indian Administration in the year 1870-71, VoL XVl, pt. 1, (1872), 8v6., 

Serampore. 

Govebhhent of India. 


List of Civil Officers holding Gazetted Appointments under the Government of 
India in the Home, Agricultural, Foreign, Financial, and Legisla¬ 
tive Departments, as it stood on the 1st January 1872, (1872), 
8vo., Calcutta. 

Ditto. 


Punjab.— Powell, B. H. Baden. Handbook of the Manufactures and Arts of the Punjab, 

Yol. II, (1872), 8vo., Lahore. 

Govebnment of the Punjab. 


TRANSACTIONS, Ac. 


Bebiin. —Monatsbericht der k. Prenss. Akademie der 

and April (1872), 8vo., Berlin. 


Wissensohaften zu Berlin, March 
The Acadehy. 


tf 


Zeitschrift der Deutsohen Geologischen Geaellschaft, Band XXIII, heft 4, (1871), 
8vo., Berlin. 


The Society. 


CaIiCUTTA.— Joiunal of the Agricultural and Horticultural Society of India, New Series, 

Vol. ni, pt. 2, (1872), 8vo., Calcutta. 

The Society. 

„ Memoirs of the Geological Survey of India, Vol. VlII, pts. 1— 2, and Vol. IX, 
pt. 1, (1872), 8vo., Calcutta. 

The Subvby. 


ft 


ft 


Records of the Geological Survey of India, Vol. V, pt. 3, (1872), 8vo., Calcutta. 

^ Ditto. 


Proceedings of the Asiatic Society of Bengal, Nos. VII, VIII, (1872), 8vo., 
Calcutta. 


The Society. 


Cofeneaobn.— Overaigt over det kpugB%e danake Videnakabemes Selakabs Forhandlinger 

og dets Medlemmers Arbeider i Aaret, 1871, No. 2, (1871), 8vo., 
Copenhagen. 

* The Academy. 


Thomsen, Julios. ThenuoohemiBke ITndersoegelBer, (1871), 4to., Copenhagen. 

Ditto. 

Fbobenoa— Bc^Bttino dd B. Comitato Geolo^co d’ Italia, Nos. 8—6, (1872), 8vo., Florence. 

The Commission. 
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Flobbhcb.— Memorie per eerrire alia Deacrmone della Carta Geologioa d' Italia publicate 

a oora del B. Comitato Ceologico del Begno, Yol. I, (1871), 4to^ 
Florence. 

Thb Coumissiok. 


Fbankfubt, a. M.—Abhandlangen der SenokenbergiBchen Naturforsohonden Cesellgobaft, 

Band I, (1854)>-VI, (1867), 4to.. Frankfurt a. M. 

GiiAsaow. —Proceedings of the Philosopbioal Society of Glasgow, Vol. VIII, No. I, (1872), 

8vo., Glasgow. 

Thb Socibtt. 

GomNOBV.—Abhandlangen der konigliohen Gesellschaft der Wissenschaften zu Gottingen, 

Band XVI, (1871), 4to., Gottingen. 

Thb Sooiett. 

„ Nachrichten von der k. Gesellschaft der Wissenschaften and der Georg- 
Augosts-Universitat aus dem Jahre, 1871, (1871), 8vo., Gottingen. 

Ditto. 

LAirsAHHB.—Bulletin de la Sooidtd Vaudoise des Sciences Naturelles, Vol. X, Nos. 61, 63, 

64 and 66, Vol. XI, Nos. 66 and 67, 8vo., Lausanne. 

Thb Society. 

Lon dob. —British Museum. Gray, J. E. Catalogue of Buminant Mammalia (Pecora, 

Linnseus), in the British Museum, (1872), 8vo., London. 

# Bbitish Mcsbusi. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series, 
Vol. V, pt. 2, (1871), 8vo., London. 

The Society. 

„ Proceedings of the Boyal Society, Vol. XX, Nos. 131—134, (1872), 8to., London. 

Ditto. 

„ (Quarterly Journal of the Geological Society, Vol. XXVIII, pt. 2, No. 110, (1872), 

8vo., London. 

Ditto. 


Milano. —Giomale dell’ I. B. Instituto Lombardo di Scienze, Letters, ed Arti e Biblioteca 

Italiana, VoL I, (1847)—IX, (1866), 4to., Milano. 

Philadelphia.— Journal of the Franklin Institute, 8rd Ser., Vol. LXIII, Nos. 2—6, (1872), 

8vo., Philadelphia. 

The Institute. 

Transactions of the American Philosophical Society, New Series, Vol. XIV, 
pt. 3, (1871), 4to., Philadelphia. 

The Society. 

Proceedings of the American Philosophical Society, Vol. Xll, No. 87, 
(1871), 8vo., Philadelphia. 

Ditto. 

StbabboubG'.— Mdmoires de la Sooidtd des Sciences Naturelles de Strasbourg, Vol. 1, 
• (1830)*-VI, Hv. 1, (1866), 4to., Strasbourg. 
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VBNB 2 IA.—Memorie deU' I. R. Instituto Veneto di Scienze, Lettere, ed Arti, Vol. I, (1843)— 

VI, pt. 1, (1856), Vn, (1868), VIH, pt. 2, (1860), and IX, 
(I860)—XII, pt. 1, (1866), 4to., Venezia. 

ViBirwA.—Jabrbuch der k. k. geologiscken Eeiobsanstalt, Band XXI, No. 4, (1871), 8vo., 

Vienna. -r 

Thb Inbtitttte. 

„ Verbandlungen der k. k. geologischen Beiohsanstalt, Nob. 14—^18, (1871), 8vo., 
Vienna. „ 

llYwnnrA 
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NoTB ok some of the IboK deposits of ChAkdA, CEKTBiX Feovikces, hy Tbbodobk 
W. H. Huohes,a. B. S. V., F. o. 8., Geological Survey gf India. 

My present contributioii to the Beoords of the Gleologioal Survey refers to a few only 
of the deposits of iron>ore found in the Ch&nd& district, and gives some details relative to* 
the amount of ore and fuel ordinarily used in nstive Dimaoes, showing what ;|j^ult8 ate 
obtained without the use of ibreigu' 4ag-fi>rming nigredients. 

I am indebted to Mt^or Glasfurd, the Deputy Commissioner, for my qimntitaiive figures; 
and although it is always more satiSfhctory to have an accumulation of data, I think the 
six experimental trials which asce recoriled yield a fair indication of the work accomplished 
by the method of eanelting adopted in this country. 

IroD.ore exists in great quantity; and as it occurs prindpally ih the metamorpHo rock^ 
it is found in those portions of the Chdndi district which are to the north and east of the 
main Wardhd valley coal-field. Anhydrous heematite is the most abundant species, and it 
furnishes all the supplies for the native furnaces. It is usually compact, and is up 

occMionally with some magnetic oodde and a littie brown iron-ore. 

The latter variety of htematite occurs often as a coating to an interior mass of anhy* 
droUB hsematite. It presents in many instances an exceedingly beautiful appearance, having 
a dear smooth surface on the outside, and being finely fibrous on the transverse face. There 
is no difficulty in distinguishing it,, for it gives a well defined brown streak on being 
scratched; and any person interested in possessing an illustrative mineralogdcal sample of 
iron-ore, showing the passage of one variety into the other, naay obtain in the Ch&ndd 
disixiot many such spedmens as that which I have described. 

" The most noted looafities fiir abnndsnoe and exeeUmtce (tf ore are Ddwalgaon, Gfinjwfihf, 
and Lohird; but there are several othrns which run them dose for a place in the first rank, 
The wealth of Chdudd in iron-ore is undeniable. In the form either of magnetic oxide, 
hsematitea, carbonate, or as laterite, one is omtstantiy meeting with it. 

Tbe deposit most worthy of notice whidi I have hitbertu seen is undoubtedly that at 
Loh&rd. It deeerves, and will some day obtaim a more titan local rej^tation. The ore 
connsting of oompad crystalline bsmatits or*' speoulac iron-oro with some magnetic oxide, 
fimoa a hill folly three-eighths of a mtie in Imgth, two hundred yards in breadth, and 
a hundred to a hundred and twenty feet in hdghi. The main bds stiihing north-east by 
north can be traced dearly for some distance beyond the distinctive hUl portion which first 
catches the eye, and iia actual leng^ if followed out (but which I am sorry to say I had 
not time to do on the occasion of my visit) wodd probably exeead several miles. 
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, presented bj snoli a mass as that at LoMrfi) eidnsirdy made up of almost 
ppee sj^tw'^oo, it does not fall to idie lot of many maa to see suipassed; and those who 
potw^ ^^e 53 pK>rtnnity of visiting tins place ought to do so, and carry away with them the 
, of having looked upon one of the marvds of the Indian mineral world. 

*1110 ore at Lohdr& has been analysed by Mr. David Forbes, and I extract from the 
Colliery Guiurdian'* the following statement of its compontion 


Iron, metallic 

•a* 

». 69-208 

Oxygen, in combination 

t • • 

«. 29-376 

Manganese, sesquioxide 

• vs 

.„ -090 

Silica 

f f • 

•828 

Alumina ... 

•ev 

’432 

Lime 

• t s 

M. ’064 

Magnesia ... ... 

s • • 

Trace. 

Sulphur 

aaa 

'012 

Phosphorus ... 

see 

•006 
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It will be seen that it is extremely nch in iron, and exceptiomdly free finm sulphur 
and phosphorus, which are usually two of the most annoying ingredients that the iron.master 
has to contend with. The amount of silica is less than would be presumed'to esst, judging 
by the external appearance, compactness, and hardness of the ore. 

It is not, however, to the lohfci deposit that I wish to draw attention so much, as to 
some others, which—since the question of establishbg large iron-works in India has been 
again raised—have lately acquired increased importance, due, to their propinquity to a owiall 
area of pos«ibl$ coal-bearing-iipcks, about six miles west of Chimdr, which I discovered and 
mapped during the past season. 

These deposits are three in number, and occur near the villages of Bissi, Hpalgaon, 
and fiatn&pdr. 

(1) . Bissf.—Long. 79"28' East, and Lat. 20‘’39' North. The ore occurs in a lode 

about a mile directly east of the village, and contains hssmatite 
and magnetic oxide of iron. 

(2) . PiPAii(}4:Oir.““Iiong. 79®S4* East, Iiat. 20'’32' north. An excessively fine mass 

of red hsmatitej resembling that which occurs at Lohfird, and 
having probably the same composition, is to be seen about three 
quartets of-A mile east of Fipalgaon. The strike of the lode is 
west>northrwe8t, east-south-east. 

(3) . BAmAr^B.-<»l)ong. 79®87' East, and Lat. 20“23' North. A very rich lode of 

brown iron ore, forms a terrace on the north of the small 
.'' range qf hills &cing Alisfir. The width of the lode in places 

? : . ' is do ar^ 60 feet. 

..coal rocks which IJ^vi twfotr^ to aa giving increased importance to the deposits 
" ", occrq^ a somewhat reshrioted area. 1 have not been able to prove the actual 
by ^ diseovoy of an onicrop,; but Damdd& and K&mthi strata occur; 
bonngs, not sacoeejhug 300 &et at the utmost, sunk between Morepdh 
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and Bandar* ought to detemuna the q^uestion. I do not eutertaiu the idea that there 
ie any presAit chance of profitable bla«t-fiima«aiBs being erected in the Chfin^ dwtrict. 
l¥e have a long pupilage to go thxongh be&KO we can work auccessfolly with such coal as 
has hitherto been found in the Wardhfi TsUey field. It may, therefore, perhaps be urged 
that if this be the case, there is no immediate necessity for proving the ground which 
I hare pointed out. But I am writing with the fall knowledge that there is a boring 
establishment at Warora, and that possibly if the present opportunity of profiting by 
it be neglected, many years may elapse b^mre mechanical means are again available for 
purposes of exploration. Should the borings which I recommend be carried out^ we shall 
gain positive knowledge in ireference to the rooks, and if there be no coal, we shall not be 
indul^ng in vain-speculations regarding the utilization of the iron ore deposits to which 
I have drawn attention. 


The native fhmaces of Ch&nd& are somewhat taller and larger than those commonly in 
nse in Bengal. Several that I measured were nearly 6 feet in height, owing to a prolongation 
' upwards of the front face of the furnace, the use of which is to back up the ore around the 
feed-hole. The height of the actual working shaft varies from 4' €" to 5 feet. 

The section of the furnace is that of a cone, its internal diameter diminishing from 
1'6" at a height of six inches above the hearth to three quarters of a foot at a height of 
36 inches above it. 

The hearth, as is usual, slopes from behind forwards, and the bloom is taken out through 
the face. 

The twyers ate 9 inches long, li inches in diameter at the larger opening, and f ths of an 
inch at the smaller. The bellows for producing the blast are usually worked by hand. 

I need not refer to the method of smelting, farther than to say that it is similar to the 
mode in use in other parts of India, and I will now give the results and details of the six 
experiments which Major Glasford undertook to have made. 

Three experiments were conducted in the Mdhl Tahsfl, at Chikli, Gdl&b-bhdj and 
Metdgaon; and three in the Brahm&pdri Tahsil, at Armori, Ddwalgaon and Injhdwfirfi:— 


Viu.i.es. 

Iron ore 
used. 

Chureoal 

used. 

Iron 

yielded. 

Ckist of iron 
ore and obat- 
eoal used. 

Valae of Iron. 

Wages of 8 
men. 





Beers. 

Beers. 

Seen. 

Be. A. P. 

nil 

1 Be.A.P. 

Mm.— 








■■1 


OhiUl ... 

•as 


e** 

49 

8B 

m 

0 9 0 


0 4 0 

GAUb-bhCd 


••• 

«** 

6S 


ISi 

0 9 0 

0 18 0 

0 4 0 

MetSsaon 

«•* 


»s« 

n 

90 

Sli 

0 9 0 

18 0 

0 4 0 

SriltmipM.— 




\ 






Armoii... 

«•! 


■ss 

m 

SB 

1 13 

0 4 0 

0 9 7 

■^0 8 9 

DSwalasoa 

«*e 


• I* 

St 


13 

0 4 « 

0 810 

0 8 2 



SB* 

*•• 

44 

BS. . 

ISi 

0 S 10 

1 0 10 0 

0 8 3 


In these rethms there is a great discsepanqy in the price paid for charcoal and ore in the 
Mhfil and Brabm&pdii Tahsils. Oompare, for instance, (49-f 82 seers for 9 annas) 
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md Ddwalgaoil (5S4 U4 teen for 4a. 6/i). 1%« yield of iron aleo eliowfl great disagree- 
ment. At Ddwalgaon 62 aeers of ore produced only 12 seen of ir<ai, wbereal at CUkli 49 
seers piodneed 174. It ttiay "be that a poorer class of ore was used in the one instance 
ihan in tlie other, bnt I scarcely think this can he the case, for 1 have always ohserred that 
the na^ves invaiiably need ore having the same aymrage composition. And an analysis of 
the Bdwalgaon ore shows that it contains 70 per cent, of metallic iron. 

If we calculate the proportion of the amount of charcoal used to iron ore, and the 
proportion of the amount of ora employ^ to the iron produced, we find: 



VUlage. 


Proportlob of ore to charcoal. 

ProporUon of ore to Iron. 
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The iron referred to above, which is called kit by the Maharattas, is a mere mass of 
spongy iron, slag and charcoal, and has to undergo two refinings before being sold as 
pinlWMA iron. In th^ first operation it is manipulated by the men who reduce it from its 
ore. Ihey heat it in a refinery, and then hammer it, whereby the slag is more or less 
completely extruded aud the icon consolidated into a compact bloom. It loses considerably 
in wdght during this process, and the mass formerly weighing, say 14 seers, is diminished to 
10 seers. The amount of charcoal consumed is stated to he 20 seers, or perhaps a little less. 
The bloom is then cut partially in half and is called Ch^l, and is sold to ^e regular* metal¬ 
workers (lohars). These men clean it again, hy which its weight becomes stall furiher 
reduced, Mly oue-tbird and sometimes one-half of it being lost; and it is by them worked 
up into various honsdiold and a^cuitural implements. 

Applyh^ the foregoing observatioBS O’! taking the mean of the Mdhl figures) to 
arrive at the avenge proportitme of iron-ore and charcoal used in producing iron ready for 
being' mutually wort^ up, it appean that— 

{a.) Seventeen and a half swrs of iron are prodnoed from 68 seers of ore and 
87 seers of charoosi. 


(6.) In the first refining operation, 20 seers of charcoal me used, and the iron loses 
6 seers in wright, reducing it to 12^ seers. 

(c.) In the final refining, opwation about 10 seers of eharcoal are consumed, and 
dean WorkaUe iw)^ weighing 7 to 8 seers, is obtained. 

68 seers of ore and JP17 oE charcoal are reqnired hy the native method of 
on in Cbin^ to prodnce 8 semn of metaL Or, stating it in current 



tt ore 
mad 

of dmrcoal 


Are used in the mann&oture of 1 Ton 
.wronghtdron. 






FAAT 4.] 


IBalli Stirrm MtmduHd ISarhondam. 


81 


Tfaete is no OGoasion in tibe pmsast number of tbe Beoords to treat the subject of cost 
in its various branohes, nor need X enter npou a discussion oi the oommereial aspect of the 
iron trade of Ch&ad&. I hope to dwell at seme length upon both these topics when giring 
a detailed densription of the WardhI. vall^ ooal>firid. 

For the present, I wish to draw attention to the richness of Ch&ndi in iron>ore; 
2nd, the circnmstance of the probable favorable associarion of coal and iron«ore; drd, the 
proportional oonsnmption of raw materials in the manufactora of native wronght-iron. Of 
oonrse, shonld farnaces intended dither for ihe malting of jdg«iron, or feat the prodndion of 
WTought'iron by the direct process, be ever erected on a Enropean scales the data afforded by 
observations on the liliputian works of the natives of the oonntry will be matter for curiosity 
rather than of practical interest. 

CAiciTTTa, 1 * T. W. H. HUGHES. 

let July 1878. / 


BAEBSin IsiiAND AiTD Nabkoitdak, bjf Y. Bal£, M. A., Qeologidil Survey of India, 

In the month of Marrii last^ a few hours were spent on the two Islands whose names 
are given above by a party consisting of Mr. Hume, Br. Stoliezka and myself. Although 
the time at onr disposal did not admit of extended exploration, still an opportunity was 
afforded of checking the accuracy of the accounts which have been previously pubSshed. 

Having consulted every notice of these iriands which, so far as 1 have been able to 
ascertain, have hitherto been published, I have been astonished to find how inaccurate has 
been the information upon which the accounts ip Geological Manuals and other works have 
been founded. 

In the present paper I have devoted several pages to an abstract of these accounts, sad 
have pointed out the errors and traced, so far as is possible, their origin. 

I 

Dr. Liebig's paper on Barren Islfmd which contains tile fullest and most accurate account 
of the island hitherto published, does not appear to have reached, the hands of several 
authors who have since its publication repeated the old statements in their works. 

Barren Island and Harkondam are two volcanic islands situated in the Bay of Bengal 
at a distance of 70 miles from one another on a north-by-east, south-by-west line. They 
constitute links which conn^it what is known as the Molucca band with the volcanic r^on 
of Arracan and Chittagong, and of which Mrs. Somerville has writtmi as follows:—- 

**One of the most terribly active ^oups of vrieanoes ia tiie world l^ftns with the 
Banda groups of islands, and extends through the Sunda groups of TritnOfi Sombawa, Bali, 
Java, and Sumatra, separated only by narrow channels} and altogetiisr finrming a gently 
curved line 2,000 miles long} but as the volcanio zoneki^ontu^Bedtiriongh Barren Island 
and Norkondam in the Bay of Bengd and nortiiward along theClonstof Ar^^ the entire 
length of the vdieanic rai^ is a great deal mere.’* 

Ihr. Hochstetter carries the line of elevationi whicb a<»omfames the zone of volcanic 

action still frirther, in an .oblique S- |bi^..thi»iigh Hew to tiie norih of the 

Australian continent, *‘It forms in the S kdowm Uands} Hew .HebtideB and 

New Zealand a cnrye,,coniizive towards tiiewei^the smsH ^IEtottp of the M^narie IslandB 

being pgesiUy considered as the erixemo eoutimm end of Iphls^^urve.'' 
m 

So fiur as ie known, theile arS no yotSaric^ in eiti^ the HiSobar <nr Andaman Islands. 
It has been by some supposed that'the MU on Boarpoka'hr - tiie NSoobars and some of the 
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hiril Mwmd ki the great Nioobar might be volcanic, but the evidence ia rather agwnst than 
in^vOT ofthia view. Plutonic rocks (diorite and gabbro) not unfrequentiy o^ how- 
ever k both iidands. A statement made k an old account of the Cocos, that the little Coco 
ia.fonne^l.of volcanic rocks, ia quite with-out foundation. 


BiJtBBN lailSD, Lat. 12*' 17', Long. 93* 64'. 

mstory of the ieltmi derived from prevumt notices.—l^a. the table appended I have 

BiTMi . vrtoi. rf dl tliri iM l»en pubHAed on the »abi«^ of Bai^^nd | but a few 
rem«ka todng out the way in wbioh oortam maconrane. ha,e «»en «.m to 

be desirable. 

The dMtwnount waebyCaptdnKdr. inii. report on the Sudaman Wand., dated 1789. 

I have not eeen the original dooumenii but tte wxonnt waa ortreoted and reprinted by 
Hentenant Colebrooko in the Anatio Eemarohee. It ha. eetred for many year. a. the text 
upon wbioh tbo denniptlon. pnbliriied in Tarion. Goologioal Mannala have been founded. 

Ceptein Blair gave the height of the oentral none at newly 1,8TO aW the wgle rf 
the rioM at 32” 17'. Wino it not alatod ttat iho cone waa equal in height te the outer wdla 
ofthe Wroonding part of the inland, we might, in eonaeqn»» of Blaire oft proved 
aoonri«y a. an obaerver, be diepoaed to believe that at the time of hi. oh»rvali™ the ooim 
waa newly double it. preaent height. That there ha. not bOT a geneml mbaiden^ of tl» 
inland to the extent of 800 feet ia proved by the &et that the baae of the cone waa then, aa it 
riow, but Httte rained above the aea leyel. Blair himaelf atate. that it may be .eon at a dia- 
tance of twelve Uagne. in dew weather, which iwnld only i^nirn an^hon of about 
820 feet. J can only auppoee, aa an explanation of the d^cnlty, that Bhur took "eveml 
hdghte which varied between 800 and 1,000 feet, and that theae, by acme error, came to be 
writteu together as 1,800. 

The angle of kolkation of the sides of the cone is given by Blair at 32" 17'. This 
nearly corresponds with the mean of my observations, which ranged between 82® and 
85». These angles also agree with those on a^photo^aph which I possess. Dr. Liebig, 
Dr. Playfair and others have given it at from 40“ to 46“. 

The sketch by Lieutenant Wales given in Lieutenant Colebrooke’s paper, save that it 
xepmsente an kclkatioh of about 60“ to the sides of the cone, conveys the best i^a of the 
ilnd of any of the numerous figures which have been published. It wm repr^uced by 
Von Bnch, ajd copiad torn him by Sir Ohwle. Lye^ to. Dnntay, Dr. Bn^*"- ^ 

Buck in his « Memoir on theCanary Islands," gives the height of the cone at 1,690 Pam feet. 
His account, though apparently derived from Lieutenant Colebrooke's paper al^e, contains 

have been due to spme misapprehenidon of the meaning of Hairs 

foliow: “ The base ^ the cone is the lowest part of the island and very Uttle higher than 

; ''level of the sea." v .. 

iifcr CWea I<y«tt. ^ eiBHofis of the • Principles,’ framed ^ 

changes fromISglish kto Prench, and back agak into English, 

48 feet, stendkg k the 7th edition of the Pnnmj?lM 
i k also theie stated that the citoular bask kride is filled mth th« 
t Edition, 1BS8, (I have not been able to refer to the 8th), Ckptam 
- ' ■ ‘ " the formct one j but tbe statement 
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regarding the sea inside still renjaitts. In the 1(^ Bditibn (1868) Captain hliHer’s estimate 
of 600 feet, as the height in 1834 hi retiuned; but it is stated that according to Yon Idebig 
in 1867, both the cone and outer orater .wme about . 1,000 feet high, and in reference to the sea 
we find the following: ” In some of the older accounts the isea is described as entering the 
inner basin, but Yon Liebig says it was excluded at the time of his 'dsit.” I believe this 
statement regarding the sea to have arisen solely in the way 1 have pointed out. It is 
important that there should be a clear representation of t|ie oai^f M otherwise it might be 
concluded that we have evidence of the rising of the island within the historical period. 

The next account to that by Blair is by Horsburgh, about which there is nothing parti¬ 
cular to remark here, save that he asserts Ithat in 1803 the volcano was very active (see 
table). 

Dr. J. Adam’s account, is derived from infomation and iqiecimens received from a 
friend who had landed on the island in 1832. He speaks of the stones on shore hissing and 
smoking, and the water bubbling all round them. The statement has apparently been under¬ 
stood by one writer to indicate that the lava had not then cooled down. But the hot spring 
was probably quite sufficient to account for the phenomena observed. Tins is the first 
mention made of the hot spring. The author supposes that the volcano is only active in 
the south-west monsoon, e. e., requires water to bring it into a state of activity. Apart 
from other considerations, it is only necessary to say that the only authentic account of it in 
a really violent state of eruption is by Blair, who saw it on the 21et of March, and therefore 
not in the south-west monsoon. Captain Miller's account is very inaccurate in several respects. 
He has given the height at 600, and the angle at which the cone rises at 46° or even more. 
If the elevation of the cone in his time were only so much, then, since he states that this 
was also the elevation of the outer walls or amphitheatre, both must have increased pari 
passu. This view is*of course untenable, and we are forced to believe that Captain Miller 
only gave a rough guess. His remarks on the vegetation are quite mconsistent with one 
another, for he says,—'‘there is no vegetation of any kmd within the amphitheatre, but 
a few small trees are found on other parts of the island, which, however barren it may 
have been at one time, is now well wooded!* 

Dr. Daubeny, in Us description of Barren Island, though quoting from lieutenant 
Colebrooke, gives the elevation of the cone at 4,000', which must have been due to a clerical 
error. A somewhat modified reproduction of the original sketch is given. 

Mr. Serope, in his work on Volcanos (2»<? Edition, Lond., 1862), writes regarding 
Barren Island: “This permanently active volcano is a cone about4000feet high, rising 
in the centre of a drcular cliff range, which entirely surrounds it except at one ^int 
where the sea has broken in.’’ Though the authority is not given, it is evident that this 
account is derived from Dr. Daubeny’i^ as the elevation is not given at 4,000' in any 
other work. 

In 1846 the island appears tp have been visited by the Danish corvette Qalathea, but 
the only record of the fact which I know of is an inscription on 4 rock on the island— 
GALATS:EA,im!‘ ‘ 

In the Bomhag Tim/es for July 1862, on the authority of Dr. Buist, it is stated that 
the volcano was very active, but 1 have not been as.^et able to refbr to the original 
account. ' 

The nbief points in the acixmnts' sulisequent to the, above will be found incorporated 
below. Dv. Playfair, Yon Xael%, apd tlw Andaman Committee agree in estiznating. the 
angle of the cone at 40° to 46°t and the delation at from 276“-^ ^t. ' 



Mitraet the pvhlid^ aeeonnU of Barrm I^and. 
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From the precedii^ we may gather the following. The rolcano has probably not been 
in violent eruption since the years which closed the last and commenced the present century. 
The lava-flow which stretches from the entrance open to the sea to the base of the cone 
was probably poured out during this period, and raised the level of the encircling valley 
some 4fy above its elevation in 1789, when Blair saw it. He makes no mention of a lava 
stream in his time. If it did not exist then it cannot—as has been supposed by some—have 
been instrumental in the formation of the entrancis. That this fissure was probably due to 
other causes we shall presently see. 

From Lieutenant Wales’ figure it is apparent that no material change has taken place in 
the general configuration, and as it has been shown that 1,800 feet cannot have been the true 
height, and about 920 probably was, no great alteration in the level is likely to have 
taken place. 

General abearance of the Island .—Seen from any side but the north-west. Barren 
Island appears as a nearly fiat-topped hill with numerous spurs running down into the sea. 
From some aspects, however, the top of a central cone with a column of smoke rising from it 
is discernible. 

As the north-west side opens up to view, it is first realised that the island consists of 
a circular ridge forming a huge amphitheatre, which is broken down at one side for a dis¬ 
tance of perhaps 150 yards to the level of the sea. The view obtainable through this entrance 
discloses a bare cone which rises from the centre of the valley. Except at a sort of shoulder 
not far from the top, and at two peaks close to the summit, no rocks are seen on this cone, 
its smooth sides being covered with grey ash and occasional strings of shingle. Towards the 
top some whitish patches are seen, due to the presence of gypsum mixed with the ash. 

t 

The total diameter of the island is, on the authority of Lieutenant Heathcote, 2,970 yards. 
The circuit of the island, from the time it took us to row rovind, I estimated at about six miles. 

The high encircling ridge is formed of somewhat irregularly deposited layers of lava, ash 
and conglomerate, which dip away from the centre. A section of these may be seen on the 
left band of the gap or entrance, and others at various points on the sea-face, no two of 
them corresponding exactly in character. 

These beds or layers generally dip at angles of 36°—40°, which inclination a^ars 
to be continued steadily under the sea, as bottom, except at one place, has not been found 
with a line of 160 fathoms at i of a mile from the shore. This steepness has been un¬ 
favourable to the formation of a fringing reef of coral of any magnitude, such as we find 
surrounding some of the Andaman and Kioobar groups. 

The elevation of this outer ridge varies somewhat in places, but it probably nowhere 
is much in excess of 1,000 feet. Its h^hest points are towards the south and west. 

The appearance presented by the inner scarped face of this amphitheatre is very 
peculiar. In several places comice lines mark the position of particular beds, but a 
purplish grey, or in places brownish, ash spreads over the steep slopes, except towards the 
south-west and west, where there are some trees and shrabby vegetation. To the north, south 
and east a few tufts of grass—^generally arranged in long vertical lines, the fii'st being a sort 
of protection to those below it—are the only plants which have managed to establish a footing 
in the loose Mh. ^ 

The. outer slopes fiusing the sea are for the most part covered with a luxuriant vegetation, 
in which large forest trees may be'discerned. These latter attract considerable numbers of 
fmit-eatiog pig^ns (Casrpophaga hicolar). ^ 

From its imposition and character, it is evident that this ring of cliffs is the remnant 
of the original cone which gradually rises from below the sea. Its top and a portion of the 
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aide were, no doubt, blown off by a violent eruption, and the present cone was subsequently 
formed inside. 

For a long time Barren Island was considered by Yon Buoh and others of his school 
as a most favourable example of his elevation theory of craters. 

The gap or fissure in the surrounding walls bears about north-west-by-wost from 
the centre of the island. It is the only place where an entrance can be obtained to the central 
valley. 

Hot. Spring .—Close to the landing place, there is a hot spring whidb has been mentioned 
in several of the accounts of the Island. Dr. Playfair found the temperature to exceed 140®, 
—the limit of his .thermometer. Dr. Liebig's thermometer was only graduated up to 104®, 
but judging from the feel to the hands, he estimated it to be near the boiling point. The 
Andaman Committee record it at from 168° to 163°. At the time of our visit the highest 
temperature of the water where it bubbled out of the rochs, close to high watermark, was 
130° F. We failed to boil some eggs in it which we had brought with us for tho puiq)ose. 

The water is perfectly clean and sweet,* and there was no trace of sulphureous vapours. 
Strange to say, where, though mingled with the sea, it was still too hot for tho hand to be 
retained in it with comfort, there were a number of brilliantly colored fish swimming about. 

Facing the landing place is the termination of a flow "of lava which extends backwards 
from this for about a mile to the base of the cone, round which it laps for perhaps of the 
circumference. The height or thickness of this flow of lava is about 10 feet at first, gradually 
rising to 60 feet where it emerges from the base of the cone. The upper surface is deeply 
cleft and covered over with blocks of black cellular lava which rest upon one another in con¬ 
fused piles. Sometimes they are poised so insecurely on one another that it is a matter of 
some risk to attempt scrambling over them. Towards the base of the flow the rock from its 
slower cooling is more compact and less cellular. In places it contains white crystals of a 
mineral resembling leucite. In others it is a true basalt with numerous crystals of olivine. 

As pointed out by Dr. Leibig, the older lava seen in the section of the ridge differs from 
this; it consists of a reddish matrix with crystals of felspar (probably sanidine), olivine, and 
augite. A somewhat similar rock occurs on ft'arkondam. 

• On our way to tho central cone from the landing place we at first endeavoured to avoid 
the rough surface of the lava-flow by keeping on the slope of the gap; but after a short 
distance the bushes and unevenness of the ground compelled ns to strike down on the lava, 
,when we found, to our astonishment, a sort of path which must have been made by the 
committee sent from Fort Blair to report upon the grass. 

Arrived at the foot of the cone, we commenced the ascent from the west. The loose 
ashes and shingle rendered it somewhat toilsome work ; and those in front found it dijBSoult 
to avoid loosening fragments of lava which bounded down the hill in a most unpleasant way 
for those who were following. 

Dr, Tiie big appears to diave ascended from the north side, where it seems to have been 
equally difi^ult. 

About i of the way from the top there is a shoulder of rock which shows very well in 
■the photograph. This probably marks the position of an old vent. There is a good deal 
of firm g^und about it. 

The summit of the cone is truncated, and contains an ovdl-sbaped depression, one-half 
of whi^ is partly filled with ddbris, and the other, some 20 yards in diameter and 60 feet 

* The Andameai Committee do not appear to have realised this foot, os ther epent no little time and tronble 
in ezoaTattnf a well without finding a trace of water. 
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deep, has a circular bottom, which is filled with sand. This appears to have been the last 
crater formed on the island. 

The two principal edges of the depression strike to north>west, south-east; they consut of 
ash permeated with fibrous gypsum (selenite); numerous cracks and fissures occur in this 
part of the hill, and the ground is hot. On turning over the surface, the sides of these 
cracks are found to be encrusted with sulphur, resting upon the rugosities of which small 
detached crystals of the same mineral were not flUcommon. From the highest point on the 
northern edge a thin column of white vapour and sulphureous fumes is slowly poured forth. 
Even when standing in its midst, the fumes did not prove so irritating a might have been 
expected. 

On the southern side of the crater there is some solid lava in situ, and on the west there 
is a peculiarly shaped mass which forms a conspicuous object from below. Some of the lava 
here has a reddish matrix and is somewhat vesicular. 1 also found some basalt, the outer 
surface of which was weathered into a white crust. 

It seems probable that the nucleus of the cone is solid rock to a considerable extent, the 
ashes seen at the surface being only superficial. 

By following water channels when they were to be found, and glissading over the ashes, 
the return to the base of the cone was effected speedily and without much difficulty. 

By a small watch-aneroid supplied with a Vernier scale for feet, the height of the cone 
is 960 feet; but as one heavy storm of rain had passed, and clouds portended another, 1 am 
willing to believe that owing to the atmospheric disturbance the observation was not trust¬ 
worthy, and that from 975 to 980 feet given by Lieutenant Heathcote, Br. Liebig and others 
is the true elevation. The temperature on the top was 83°. 

The diameter of the base of the cone is 2,170 feet according to Lieutenant Heathcote. 
The slopes of the cone incline, according to my observation, at angles varying between 30° 
and 35°. Blair gave it at 32° 17', or about the moan of these two. Other observers say 40° 
to 45°, but the photograph of the cone shows that the former is correct. 

Br. Liebig has discussed the question of the amount of sulphur obtainable on the island. 
He seems to think the chances of finding a permanent supply very doubtful, but recom¬ 
mends a preliminary trial. 

Considering the great expense which keeping up constant communication with the 
Andamans and the sapeiintendenoe of convict labour would involve, 1 cannot see that 
there is any prospect of the collection and refining of the sulphur being made to pay. 

So far as is known, the substance occurs only at the ^summit of the cone, though, doubt¬ 
less, if the right places could be found, it does also occur lower down. But in such places, 
it could only be as an old deposit which, on being worked out, would not be replaced again. 

On the summit the deposit, so fhr as I could see, proceeds very slowly, certainly not with 
suffident rapidity to keep laborers constantly employed. 


Nabeonbam, Lat. 13° 24'; Long. 94° 12f. 

Sietorg and previous notices.—Bo little has been published regarding this island that a 
few lines will suffice to dispose .af all that has ever been recorded regarding it. 

.. In, TSS96 it was passed by Colonel Symes* when on his voyage to Bangoon, whence he 
atscrted qh his,«sq^ssy to Ava. He speaks of it as “a barren rock rising abruptly out of 
the sea and seexoingly destitute of v^etation." 


* Embuqr to Ava, Vol. 1,1887, p. 187. 
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Dr. McClelland, writing in 1838,* Bajs: " It is a volcanic cone raised to the height of 
7,800 feet. He gives a sketch showing the figure of the cone, the upper part of which is 
quite naked, presenting lines such as were doubtless formed by lava currents descending 
from the crater to the base, which last is covered with vegetation.” Ho soundings are to be 
found at the distance of half a mile from the shore. This account is reproduced by Mrs. 
Somerville, Dr. Daubeny, Dr. Buist and Mr. Scrope. 

Horsburghf says—^Narkondam may be seen about 14 or 16 leagues from the deck, and 
appears in the form of a cone or pyramid with its summit broken oS; it is bold and safe to 
approach all round. 

Mr. S. Eurz, in his report on the vegetation of the Andaman Islands, writes: “ Harkon- 
dam Island has an extinct volcano remarkable for the great height of its cone, being twice as 
high as its outer wall. Owing to the great height of the cone (perhaps 2,000 feet) in pro¬ 
portion to the surrounding wall, this island must have sunk'very much, or the volcano must 
have been formed from a considerable depth in the sea.” Mr. Kurz gives an outline 
sketch of the island as it appeared to him from a distance of 20 mUes. ' 

In a paper on the geology of the neighbourhood of Port Blair, I made a few remarks 
on the appearance^of Narkondam as seen from a few miles distance. In it 1 accepted the 
height of the cone, 2,160, given on the chart, as authentic. This, it will be seen by the 
sequel, I do not now adopt as correct. In the Indian Observer for the 10th of May a short 
account of the present visit will be found. 

Viewed from the north-west at a distance of about 4 or 6 miles the island of Harkon- 
dam appears to consist of a tolerably regular cone which rises from dh interrupted ring of 
irregularly piled masses. The apex is somewhat truncated, but has three distinct peaks. On 
the occasion in 1669 when 1 first saw the island a dense mass of cloud rested on the top, and 
1 was unable to make out the character of the summit. But when subsequently seen, it was 
observed that there were three peaks as represented in the sketches published by Mr. Kurz 
and Dr. McClelland. The. upper parts of the cone and the sides fi>r more than half way 
down are deeply furrowed by ravines, and what appears to be a low scrub jangle spreads 
uniformly over the island save upon some vertical scarped faces. 

With the general consent of those who have seen it, the conical form has been accepted 
as a proof of the volcanic character of the island. Dr. McClelland, as noted above, speaks of 
'the lined appearance being “ doubtless formed by lava currents descending from the crater to 
the base.” These lines are, however, simply the result of erosion, and mark the position of the 
watercourses. 

The elevation of the summit of the cone has been variously estimated at from 700 to 
2,160 feet. Since however, according to Horsburgh, the island first becomes visible from the 
deck of a steamer at a distance of from 14 to 16 leagues; it is probable that about 1,300 feet 
would be nearer the true altitude, and such indeed, judging by the eye, appears to be a veiy 
fair estimate. 

On the occasion of our visit we landed in a small bay on the north-west side of the island. 
At about 100 yards ^stance from the beach the water became so shoal that we were compelled 
to land on a raft. We soon found that the jungle which, in the distant view, appeared to con¬ 
sist mainly of low scrub was really composed of large forest trees with a thick undergrowth. 
So dense was this, just above high water mark, that at first it seemed probable that it would 
be impossible to penetrate it. Added to the natural density of the jangle, another obstacle 
was presented by the prostrate condition of many of the trees, vvhich in their fall had carried 

* On the dlfihrenoe of level In Indian Ooal-Mdib J. A. 8. B. Vll. Also In the Cktal Oommittee’e report, and in 
Corbjra’S ImUan Bevlew. 

t Indian Bireetorr, Sth Ed., Yoh ll, 1848, p. 8f, 
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down tangled massen of creepers and the lower vegetation. It soon became apparent that at 
no very distant period a violent hurricane or (^'done must have swept across the island* 
An entrance wras at last found, and for three hours, cutting our way and nudcing con¬ 
stant detonrs to avoid fallen trees, we endeavoured to force onwards to the summit, hut 
were at length compelled to give up all hope of succeeding and returned to the beach. 
Further evidence of the hurricane was there afforded by numerous fragments of a wreck 
which bad been thrown up on the sand. Subsequently this storm was identified with one 
which took place on the 96th of October 1872, and did much damage in the Cocos Islands 
and other parts of the Bay. 

The only rock seen where we landed was a conglomerate, or boulder bed some SO feet 
thick. The boulders consisted of a trachytio potphyiy which contained sanidine, augite, and 
mica in grey or pinkish matrices. We discovered no evidence whatever of recent lava or 
basalt occurring, though either or both may exist, as our observations were confined to one 
small bay. 

Notwithstanding the luxuriance of the jungle which indudod species of Ficus, Palms 
(Caryota), Acasia, Oalosanthes, &c., no fresh water was discovered. 

Much remains to be done in the exploration of this most interesting volcanic island. 
It is particularly desirable to ascertain whether there is really a crater at the summit, and 
whether there are any traces of recent lavas. 

Future visitors would do well to provide themselves with some wood-cutters. They 
should land near the northern spur, and getting then on the steady rise, they will probably 
find no insuperable obstacle on their way up. 


Stbat Notes oh the Mbtalliebboos bbsottbces oe Bbitish Bubuah, Ig W. Thbobai.i>, 

Geological Surveg of India. 

Though little that can, strictly speaking, be called precise information respecting the 
mineral wealth of Burmah exists, either as regards the value or extent of its presumed 
mineral sites, yet it may he not without interest to give a brief sketch of what stands 
recorded on the subject, leaving for future investigators the task of sifting these statements 
and determining the importance in an economic point of view of each separate locality. 

A general impression is undoubtedly prevalent that considerable metalliferous resources 
exist in Martaban 'und Tenasserim, and that it only requires a thorough examination 
of these districts to establish the fact in a manner sufficiently clear and precise to 
tempt the European speculator and capitalist into the field, and originate a new and thriving 
branch of industry which would soon prove of great value to the province. Unfortunately, 
nothing very tangible is known, though the matter has never been quite lost sight of, and has 
attracted the attention of district officers, among whom Mr. O’fiiley in Martaban, and 
Major Malcolm Lloyd in Tounghoo, may be prominently mentioned. A serious cause, however, 
of errors and of a too favourable view being taken of the xHFoductiveness of a new mineral 
locality, lies in the fact that undue importance is too commonly attached to the result of an 
analysis of a small specimen, which in realify affords no criterion whatever of the value 
of ^ diseovery in an economic point of view, since the aotoal richness of the ore is perhaps 
the least important element to be consid^eed; the two far more important points for con- 
sidModion being the amount^f ore procurable, and its position as r^ards water carriage, 
a^4 for its extraction and reduction. Of course, all other conditions beiog 

eqtud, a rihah nr« is more valuable than a poor one'; but the mere analysis of a small specimen 
of qre^ hpw lisfb ipever it prove, is no criterion whatever of its economic value, or whether it 
can be profitaMy wtrrked. A reduced copy of Mr. OTUlcy's map of Martaban, showing 
mineral sites, is published herewith for general convenience. 
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The only ores which need be noticed fot practical pnrposes are those of iron, tin, lead, 
copper, antimony, none of which, Bare iron, are known to occur West of the Sittoung, 
but are confined to the bdt of country running up from the British boundary on the 
Pakchan creek in Latitude 10” North to the frontier in Latitude 19” 80'. This tract of 
country differs essentially from the ground West of the Sittoung, the former being composed 
of seTeral groups of beds of PaUeozoic age, both altered and unaltered, together with meta- 
morphic rocks seemingly azoic, the whole being traveised by granite and' elvan dykes and 
pierced by numerous hot springs, whilst the latter is wholly made up of Secondary and 
Tertiary rocks, the newer greatly predominating; and wherein intrusive rocks are next to 
unknown. Physically also, and as regards climate, the country East of the Sittoung differs 
no less from that West of the river, than it does geologically. Martaban is essenti^ly a 
mountainous country with lofty chains stretching in a north-north-west direction, some of 
whose peaks rise to 6,000 or 8,000 feet, and would afford some of the most charming sanitaria 
in India were they only a little more accessible to those who might be benefited by a resort 
to them. As a result of the geological constitution of the ground, copious and perennial 
springs abound and give rise to a charming verdure and coolness even over the lower 
elevations to which 1 know of no parallel elsewhere; and though said to be unhealthy (how 
truly I know not), the pine forests of the Youzalin are among the coolest and pleasantest dis¬ 
tricts, as far as temperature goes, which India can offer. It is this very district which, according 
to common report, teems with mineral wealth; but a most unfortunate drawback to its proper 
investigation is its wildness and want of population, which means also want of roads of 
any sort, and difficulty in the matter of supplies, not to allude to risk of sickness (a common 
concomitant, among camp-followers at least, on a greatly reduced temperature), and the attack 
of plundering bands, which find a sort of happy hunting ground along all this difficult wild 
country adjoining on the Karen-ni and Zimmay territories; traders and travellers being 
the special victims of these freebooters. The regular dacoit, moreover, is not the only 
‘ conveyancer’ to be dreaded; as it was but little more than a year ago that the entire police 
guard escorting some treasure, belonging to a trader, appropriated the money and then 
humourously stepped across the frontier with their arms, accoutrements and all as they 
stood, heedless of the feelings of disappointment, if not shame, which their doing so must 
have caused their comrades whom they left behind. 

Iron .—^Excellent ores of this metal occur both in Pegu, Martaban and Tenasserim, 
and in former days were smelted by the Burmese, but the manufacture is no longer to my 
knowledge carried on in British Burmah, though iron is still made in Upper Burmah, 
near Puppodoung, from ores similar to that formerly used in the Prome district. In Pegu 
(Eastern Prome) the ore occurs in the form of concretions of an earthy hydrated peroxide 
disseminated through the newer Tertiary beds which are there so extensively developed, and 
of which an account is given in the Records of the Geological Survey of India for 1869, page 
83. East of the Sittoung the ore usually met with is the magnetic, a mixture of the 
protoxide and peroxide, often occurring in thick beds or lodes, and a valuable ore for smelting. 
Specular iron also occurs as an integral constituent mineral in some of the crystalline schists, 
and has from its brilliancy been mistaken for galena. 

Mr. O’Riley remarks that “iron occurs abundantly in the lower ranges of the hills to the 
east of this station’’ (Shuay Ghyin), and the same valuable ore, the magnetic oxide, is known 
also to occur in Tavoy; but these deposits will probably not prove remunerative to work for 
many years, or till tl^ difficulties which of late have threatened nuning industiy in England 
shall have become more weighty and confirmed. 

ZVa.—This metal is unquestionably the most important coromerdally of any produced 
within our Eastern possessions. Though beyond some workings near Malee-wan on the 
Pakchan river, near Latitude 10® 10' North, the ore is nowhere systematically worked 
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on a large scale vrithin British territory. South of the Pakchan stream the richness 
of the tin washings derived from the degradation of a stanniferous granite, in which the 
tinstone occurs as one of the integral constituents of the rock, is well known, and reference 
may be made for information connected with this question to a report of Br. Oldham, 
published in Selections from the Becords of the Government of India, I^o. 10, page 66. 

But the fact of most interest as regards British Burmah is, that this stanniferous granite 
and its associated deposits of stanniferous gravel, stretches up as far north as the parallel of 
Tounghoo, east of which station on the eastern slopes of the Pounglong Bange, the metal has 
from time immemorial been worked by the Karen>ni, or Bed Karen tribes within whose terri* 
tory it lies. Tin ore has long been known to occur in the streams discharging into theHenzai 
basin in Latitude 14° 4£!l and also at " Chando near Palouk, about two days journey from 
the sea, halfway between Mergui and Tavoy” {vide Gleanings of Science, vol. I, page 143); 
but how far to the north of Tounghoo this stanniferous granite continues, is not known, though 
as likely as not for 600 miles or more. As the tin works above -alluded to at Kamapew, are 
some 2 miles beyond British territory, it is very important that Mr. O’Biley has traced the 
ore across the range of hills into the drainage basin of the Sittoung; and to Mr. O'Biley 
belongs the credit of having first drawn attentiou to the above fact. His words are 
as follow; “Tin: of the existence of this metal within the area of this district, I was 
convinced from having traced the stanniferous formations of the “ Kaimapyu” which fall 
into the Salween, across the ranges of hills, whose drmnage flows into the Sittang valley, and 
on forwarding to the Karens specimens and instructions, I was enabled to procure the 
specimens A. B.’’ Of course Mr. O’Biley may have been misinformed, and the specimens 
in question may in realiiy have come from the Eastern, Salween valley, side of the hills 
and not from the British or Sittoung side; but as Mr. O’Biley was fully aware of the 
importance of this point, I am prepared to believe his statement in this particular to be 
correct. Mr. O’Biley goes on to add; “ The specimen A exists in the hills north of the 
Youkthwah river, within the Tounghoo district, and the other, in the head waters of the 
main stream.*' I myself received some corroborative testimony to the same effect, when 
examining some hot springs in the lower part of the Youkthwah river; but nothing is actually 
known of the precise locality where the ore exists, nor can be till some one is specially 
deputed to examine the question. M^jor Malcolm Lloyd, Deputy Commissioner of Tounghoo, 
has much interested himself with the resources of his district, and has furnished me with 
the following itinaiy from Tounghoo to Kay*mah>pew, from which the difficult nature of the 
intervening country may be inferred, since the actual distance from Tounghoo is probably not 
much over 46 milra. On the last march the British boundary is crossed about the fourth mile. 


Movie from Tounghoo to Kag-mah-pew. 


Toanghoo to KhoongHoonk-kwa 


• • 



Uitos. 

18 

Ehoang.uouk Jews to Farlawa 


• • 



8 

Paylaws to BogaUee 


• ■ 



8 

BogsilM to Kothedoe 





10 

Ifothedoo to Hobwaydo 





10 

Hobwsydo to Ivoobo 





6 

Iroobo to Ksdoivboe 





16 

Ksdowboe to Kar^uab-pew 





15 






81 


' The mkpBot price of tin ore in Tounghoo used not to exceed, as I am informed by 
W. Usher, .186 the hundred visa (about 875 lbs.); but latterly the price has 

risen to Bs. Wen to Bs. 230 fbr choice lots, the same realizing Bs. 260 in Bangoon. 

As the carriege the mines to Tounghoo is at present wh<dly by coolies, it seems desirable 
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to ascertain if no altematire route can be devised by tbe Salween to Monimein, making use 
of water carriage for part of tbe way. 

GaIiEWA.—T his ore is known to exist in numerous spots in Martaban and Tenasserim, 
and is usualiy argentiferous to tbe extent on an average of 12 ounces of silver per ton of 
lead, taking as a guide tbe first six analyses of the subjoined table. In this respect the 
galena from Bamo and Upper Burmah is far richer, the mean of three samples from Bamo, 
giving 78 oz. 17 dwts. of silver to the ton of lead, the poorest yielding 68, and the richest 
104 ozs. 

Table exhibiting the amount of silver in ounces per ton of lead, from samples qf Galena 

f’om various parts of Burmah. 


1. 

OaTens 

Martaban 



oe. 

s 

dvti. 

8 

ST. 

0 

s. 

Do. 

do. 



6 

14 

0 

3. 

Do. 

do. 


• It 

9 

0 

0 

4. 

Do. 

Tavoy 


... 

16 

7 

10 

5. 

Do. 

Monlineln 


.1. 

10 

6 

14 

6. 

Do. 

Toonghoo 



20 

8 

7 

7. 

Do. 

Bamo 



68 

U 

8 

S. 

Do. 

Bamo (Ponaee) 

... • 

..1 

73 

10 

0 

9. 

Do. 

Bamo (Kyet*yo) ... 



104 

10 

16 


Nine localitieB where galena occurs are marked in the sketch map of Martaban by 
Mr. O’Biley, ranged generally on a north-north-west line of beaiing, coinciding with the 
general direction of the hill ranges, and extending over a line of country some 90 miles in 
length. Mr. O’Bilqr describes the ore as occurring in the mountain-limestone formation 
of the district, which is that also to which the naagnificont and picturesque limestone hUls 
near Moulmein, and along the Salween belong, but he does not say if the ore occurs dis¬ 
seminated in the rock, or in the form of a true mineral vein or lode. From what 1 have 
remarked on the north-east of Tonnghoo, at the spot whence Mtgor Lloyd procured his 
galena, I am inclined to think that it may occur on both ways, as it is there rather doubtM 
if there is a true vein, whilst on the Salween valley, the accounts would certainly suggest 
the existence of lodes. 

I am sorry I cannot give any account of the attempts which have been made by private 
parties to work the lead and silver of Martaban, but much reticence is naturally observed 
on such a subject, either from a feeling of distrust or of vexation at the unfortunate results 
of crude attempts and hasty speculation. Nothing that has as yet been done, however, can 
be considered as conclusive either for or against the practicability of bringing these ores 
into the market. At present the wild state of the country seems to me the mmn obstacle 
to arriving at a satisfactory conclusion on this subject, from the sparseness of population 
and consequent inability for any one to properly scrutinize these impenetrably dad hills. 

CoFPBB.—^Four specimens of copper ore were procured by M. O’Biley, three of them 
from the same localities as the galena, one od them from tiie hills east of the Sittoung 
Biver, and all Consisting of tiie ordinary copper pyrites, both arsenical and combined with 
sulphur and iron.” I have not myself been so fortunate iu to procure any undoubtedly 
Martaban copper me, save pieces brought to me exhibiting traces of that metal in the form 
of green carbonate assodated with iron or lead ore, to the extent, and no more, of implying 
the presence of a small portion of the more valuable metal in tire mass. Not fur from Moni¬ 
mein on the Ataran Biver, I have seen lieaps of slag which some believed to be old copper 
woi'kings: but an analyds shows that the dag does not contain so'muoh as a trace of copper, and 
indicates merely the fcsmer presepoe of iron works, abandoned before the memory of the 
existingi^habitants. 

An extremely interesting ^qieoimen of copper ore of a somewhat i»vd oompositioo was 
procured by M. O’Biley from some spot on the Toonzalin Biveri said to be accessible for boats. 
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Mr. Waldie, vho analysed it, des^Hes jt as a new mineral species under name O'BUeyitei 
in the Proceedings of the Asiatic Society of Bengal for 1870^ page 279. Two analyses of the 
samples were made as below, the first being that pf a san^^ forwarded on the 24th July, 
the second, which differs slightly, a sample forwarded subsequently:— 


Copper .>• ••• 

ta* 


... ITUOO 

SUtw ..I ... 

aaa 


... 0-OM 

Iron ’ ••• 

tea 


... 88-470 

Antimony 

■ aa 


... 1-160 

Anento 

lal 


... 88-700 

Sulphnr 

lai 


... 1-860 

Earthy mutter... ' 

■ aa 


... 0-660 

DeSctanoy and low 



... 10-604 

lOOUO 

The silver in the above sample is equal to 81^ ounces troy per ton. 


The large amount 

of loss, however, (presumed to be mainly arsenic) was unsatisfactory, and Mr. Waldie, there¬ 
fore, made a careful analysis of a second sample of the same mineral, forwarded by 
M. O’Riley on the 10th of October, with the following results 


Bpeolflo sraTity: 

In small piecoa 7-843: 

In powder 7-488. 

Copper 



... 12-18 

Iron 

i«a 


... ... 48-18 

Araenle 

• •• 


... ... 88'46 

Antimony 



... ... 0-64 

Earthy matter ... 



... ... 0-18 

Oxide of ooppor... 



... i-sn 

„ lead ... 

• »a 


... ... 1-801 

Araoiona aaM ... 

i<» 


... 1-18 

Protoxide Iron ... 

«at 


... ... leU 

Loaa 

•ea 


•*. ... 0-46 

100-00 


SolaUe in dilute 
brdrechloiie sold. 


Indications of the presence of copper, in the shape of stains of the green carbonate, are 
also occasionally met with; one such being recorded in the Geological Notes by Capfain 
W. Poley, in the Botoimff hills, 90 miles north-north-easb from Moulmtin (Manlamgeng) j 
his words are :" Silver ore is said to eirist in a limestone rook at this place ; and judgii^ from 
the numerous excavations that had been made by those in pursuit of tiie premous metal, no 
little labour has been used in the endeavour to discover it. 1 had ndther tiinenor opportunity 
for ascdrtaining whetiidr ridver ore doet so exist. Heoes cpj:^ screen, iron pyritet, and 
lead ore deemed nseless and cast asi^ ty timse in pursuit of silver were strewed about the 
place, and tor tile first time, in tide |iart <ff Ike world, I observed dmtiiracife diqierBedin 
tidn eeasae throiq^^ the lytestone rodr.'^ 


From this intereiptlg pasnge, X i^onld infer that extentive diggings tor had 
bpen mai^e here, as in a not© the rejected tead ore is aaid to he ih© “ o^eeniate," possibly idb- 
(iical with phosph^ of lead contjtin^ arsenic, which has recontly hem re^vpd in tim 
Isborahny <if th© ^1«|^ Snircy tor analysis topm the ijlCurtahah 

' < A#¥itipxrT.^Anti!lhetay eoet^ whh )i;alena k llaartaban, but is nowhere 

wnhed to Irtish tentoory. Metidfio tmtimcuy, however, is imported to a wwdl aTten t toom 
the told is pl^abfy toed as an ingredieot in tiie alkya iff copper and direr 

.<|^|^'i^NitodmdUptororaamentoly4he3hanB, who easrito j^ti- 

*!««“ to raodve much attoitidh as a metal, though the powdered s^hi^ is 
iiageiy % 1^ aftaesiyx^ under tim asms ^ soewhtol, the s^^kation 

of stiiidh aNip eyelid, in the tiispa a fine Idadc posrdw, is euppo^ lo snhege the 
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appaxent siaa of ihe eje an^ add to ita lustre and. beani^. In India at least, howeyev, no 
diurimination seems to be made betsreen the sulphide of antimony and ordinary galena, 
whudi goes also by the name of toormah. 

Gold.—T hough of slight eoonomio importance, gold occurs in most parts of Burmah, 
bni is smy little worked within Britiah territory, sduoh I attribute to the higher and more 
certain remuneration there obtainable for agiicultuxal or other labor; and gold working is, 
therefore, pnrsued maixily in bad seasons, or as an exceptional means of industry taken up 
merely now and again, 

I am not aware of platina having been discovered in British Burmah, but as it is known 
in Upper Burmah under the name of Shwaybeen (white gold), it probably, I think, will be 
fbond in Pegu akro, but perh^ in too fine a state of division to be independently separated. 

In Yolame III of the Gleanings of Science a very interesting analysis of a platina 
* button’ from Aya is given by J. Frinsep, wbiob I here transcribe in proof of the actual 
ooourrenoe of the metal, which might also be doubted. 


FlfttiOft ast SIS 

Ill 

• •• 

IIS 

... 26 

Gold SSI 

ss 

III 

• II 

... 6 

&lditim and oamlam 

• II 

••• 

• SI 

... 40 

Irofi fii III 

*1* 

III 

III 

... 10 

Amnio and load ... 

*•1 

••1 

III 

... 20 
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The sole use the metal u put to is as an alloy, tiie only form of course in which the 
Burmese are capalde of manipulating it. The proportion of the metals iridium and osmium 
is remarkable; and additiontJ samples from Bamo are much wanted for analjmis, but such 
are scarcely procurable save on the spot. 

An impure earthy cobalt containing manganese was many years since procured by my¬ 
self near Henzai, bat I could learn no partsenlars beyqnd the above rather vague one of 
locality. It was a nodular mass of a black color enveloped In white clay, not more than an 
ounce in weight altogether. 

The above remarks are all t^t I need offer on the subject, my intention being solely 
to point out in a brief manner what previous observers have recorded on the subject of the 
metalliferous wealth of Burmah. 
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Mimohen. 
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' ^ ^ ■'lAl Btrsw Of KfW ZJtAUOT’ 
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dvaia into iiie Toongabadra. On the eooth side of this valley the hills widen ont consider¬ 
ably owing to the presence of a third ridge, hot eontroct f^aiu to the south of the 
Kappatgode. 

The ridge in its northern part, Ijing beyond the gold tract (where it is single and its 

. .. stmeture quite siiopte) shows a double series of hseraatite 

bod. fotornlotod bot.«« oUorlU. .nd oBier 
schists of great thickness, which to the east tonohei^a broad band of highly nUcioos and 
often granitoid gneira, on which stands the town of Qnadnek. I found no section showing 
the exact relationsof these two series; but it is most probable that the granitoid series, which 
may conveniently be called the Qnddnok sexiee, ov^ies the ohlor^tio and femiginous beds. 
On reference to the map aooompanying these notei^ it will be seen that further south a third 
hsematite schist hand appears at a still lower level, also accompanied by ohloritic, homhlendio, 
and micaceous schists, and bends round on itself in a sharp carve immediately north of the 
S^patgode, tbns forming an anticlinal ellipscnd, which is crossed the road running from 
Dambal to Soortoor. To this series I will give the iiame of the Dhoni series, from the 
village of Dhoni, which stands on it. This series is unworthy, because containing sevend 
important beds of grey and greenish-grey crystalline Umestone of considerable thickness, which 
would yield a building stone of great beauty and excellence, and fer cheaper to work thim any 
of the granitic rocks of the neighbonrhood. If pare enough to yield good lime on homing; 
it would prove of great value in the event of the rt^way extension between Bellaiy 
and Hoohly bring carried out, throngh a country otherwise poor in Umestone^. The 
prinripa! lie in two groups, the one 2 miles north-west of Dhoni, the other 3 miles 
west-south-west of that village. Overlying this to the weetward ate other hematitio beds, 
the representatives doubtless of those before named, if not, indeed, the extensions of the 
same. As these beds form the mass of Kappatgode Hill, 1 will call them, and their more 
northern representatives, the Kappatgode series. The character of the assoriated schistose 
beds Hks changed, however, from ohloritic to itigillaoeons, and the predominant color of the 
rooks from grem to reddish huff or mottled whitish. Owing to the g;reat development 
of cleavage, the tme dip of these ai^llaceons schists is in many places perfectly obscured, 
and their relation to the rooks next following them to the westward very problematical. 
This next series consists of ohloritic ^d hornblendie schists, intimately associated with 
a naMive dimiiic rock. This diotitic rock, though in parts strongly resembling some 
of tile diorites forming the trap-dykes, whioh occur so frequently in the gneissic regiOti, 
does not appear to be an irraptive ioi&, bat rather a piodnot of exoeseive metamorphism. 
The eriustoee rock iqi|k|ars to pass by imperceptible graduation into the highly oiystal- 
iine mam. Nowhere oM I find tii« two ^ssimilar rooks in dose apposition, but evwy- 
where some feet or yards in thiricness of rock intervened, showing the graduation of the 
special riiarariera. Thia aeriea, whirii I will call the Soortoor seriee, after the large village of 
that name, at whiob the prinripal gold washing is carried ont, occupies a band of country 
some 4 to S milaa broad, which ia bounded to the westward by a band ^ granitoid gneiss of 
nadateimined breadth. The poaitiou of tiiis granitoid band (whioh may be called the 
Horigoond sories) velativriy to the Soortoor series ie aneettria; hut it is probable that the 
laMar mm ie (ho yow^ of the two, 

v* All the atresus said by the nativee to bo annferons rim within the limits of the tract 
oCollilod Ihe Soortoor series! and the upphr ootinte of the Socotoor nnllah,tiie richest of all, 
within the araa'%>eett|^ by the psendo-diorlte, and aaaoriated ohloritio sohiats. 

ooaor in aU the lorit aeries above enxtmenited, hut those lying witlun the 
miui l»*h4ta of the Soortom* aeriea are the beat defined, and, adth 
* a few aaaojptions, have the most promising lie, their dir^ion 

hfhig sooitlj i(i#th«hy-waat, aontti-liy-eaft, or parallel to the atrike oi the bedding. The 

i nt Mia iniltiiuriihAl Iiasi ImwIi InnnlrAn nn elmtiifljMiiiltr Ihv ovklfl.wwi1cAi*A. 
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FoaU: Jlocilr qf ihe Da^al Sills. 

The quartz reefs occurriim; otiter imieB ate mostly 'vrell de6ued, and, with two 
or lliree exoeptHms. mn in diflfeieot dtreolioiiB. Many nm in the tines of strike of the hed* 
ding, bat many cut across it hi tarioits direotiOiu. 

'i ' ' < 

The most temarlmble qoartz reef in the whole am^feroos trao^ And the only one from 

whkh I sttooeeded inbbtaming ^Id, lies abont a quarter of 
geiri^0* eastern boond^ of the Soortoor series, 

■ on &. <»t»m .lop. of . ridge lpi4 north-wort-bynorth of 

Hottee-Eattee, a small village on the rood between Dambtd and Soortoor, Thfat reef, which 
runs north*by-wost, south^y-east, lies in the line of bedding of a series of reddirii ferrogpoo* 
argillaceoas schists with (Pontic bands, both oontaining numerous cubical crystals of {^tes 
now converted into limonite ly pseudomorphosis. The reef is rather, less than half a mile 
in its entire length, and only in a smcU part of this is it a well-marked vein. Both the 
southern and northern extremities are very irr^ular, thinning out to a mere thread, or a few 
parallel threads in places, and then swelling into bunches, to thin out i^i^n a few feet fur* 
ther on. The reef does not cross the valley of the Gnleeguttee nnllah to the north, bit 
thins out and disappears on the side of the ridge. The quartz is the ordinary dirty whili^ 
variety, and includes a few little so<d(» of cUorite along the lines of jmnting, together with 
oo^omd cubes of pyrites, which, tike those in the schists, have been pseudomorphosed into 
limonite. Parts of ^e-quartz are fermginons, the impure, oxide of iron oocurring in strings 
and lumps. The specimen of gold 1 obtained here b imhedded’in such a ferruginous string. 
Though very small, it is quite recognizable, and shows a great rwemblanoe to various pieces 
of stream*gold ohtuned by washing. It is of a very rich color. The piece of quartz eon* 
taining it lay among the ddbris, beside'the top of the reef at its highest part, where it has 
been much broken op by gold*seekers, by whom irregufar nuning operations have been carried 
on along tiie course of the reef. ‘Much of.it <has been oompbtely broken up, and the lull 
side thickly strewn with fragmmts. Three rude unkings hardly deep enough to desurve tiie 
name of pits, and a considerable length of shallow txenohing along the course of the vein, 
remain s^ vbible. Besides these, there b an old pit sunk on the east side of tiie walblike 
part of the reef some little distance down the slope, probably with the object of aseertaiaiag 
the oontinuify in depth of the reef, l^is seems to have been sunk by some one having 
more advano^ ideas tiian the authors of tiie di^ngs on the back of the redE i but I eottld 
asoertun nothing oertiun or satisfactory as to whose work it had been. To the nortii-west 
of the reef a number of little diort vuns and bandies of qqartz;.Jtad been attacked in 
ehallow trenohai, and had had their snrtiwes knooked to pieces by the dune peopb, who were, 
aocoeding to my guide (a coolie from the viUage of Dindoor), a eompaay of native gold* 
smitiis who Uved in the now totally deserted village of Gnleeguttee (Eubun Entkuttee of the 
Bevenne Survey Map). Theae wmdes had been muried out at scene period prior to any time 
within the memory pf my informant.' The pateb of Dhoni and Soortoor and others, of whom 
1 enquired oonoeraing these diggings, either ceuld not or woiuld noi g^ve me any infmaiation 
abont the pec^e by whom they Imd been made. I am rather inctiiied be seuqieet th^ the 
pit last mentioned was sunk hi* the Man^r, of a Gold Colnpu^. wan got up during 

the Bohnbay share mania, and whkdi Cot^uny, under the guidac^ ^ a...praetioalt Australian 
miam, aunk a lakh and a half of rupeaa m seardh £» auii(|||e^qqariii^.md no 

returns but a few small nnggets of gold, sent diw^ by tiie 

judicious manager to allay the anxbty in tib riuueholdera' kiiir^ tiU ».e(U9ivenbtti season 
eame him tO dbap]^ wtiheut bkVing astej^hted hb The only poritire 

trace df'bb proceeding whbh i c{Uim^pofh'<ttheard, bf a IS feet 

on the64^ tf 46'ano^eynr^ south of the vitiaga 



136 


Record* of the Geologieed Survey f India. 


[VOL. VII. 


The Hottee-Eattee reef is about 6 feet thick on the average, where wdl<defiiied and 
waU'like. Site strike, as before«men1ioiied( ia north>by*west, Boath>by>eaet,i with an easterly 
dip of from 40" to 60". Much of the reef has been broken down, but a length of about 36 
yards reipains like a oydopian wall, and forms a very oonspio'nous landmark from the ^t. 

The only other reels deserving separate mention form a group lying about a mile to a 

Beeft in the Dhoni series. ^ northeast 

flank of the Kappatgode mass. Unlike the reefs already 

referred to, the reefs in this group consist, not of ordinary milk>white quartz, but of a dis* 
tinctly bluish or deep grey diaphanous variety, with a varying amount of enclosed scides of 
white or pale mica. These reefs may, according to their coursesf be assigned to two subor¬ 
dinate groups, of whiim the one was north-west by south-east, the other north-east-by-east, 
south-west-by-west, ^e members of the latter sub-group are much the best defined, and 
form dyke-like veins 5 to 6 feet wide and from 400 to 600 yards long. The .other set, 
Ijdng on the east side of the small stream, which flows from the north-east side of the 
Kappatgode into the Dhoni nuUab, a little east of the village of Dhoni, are less well-defined 
meins, but of considerably greater length than the former. 

None of the reefs in the Dhoni series run in the lines of bedding of the chloritic, hom- 
blendic, and micaceous beds tb^ traverse; but there are a very laige number of bunchy 
strings of quartz of the ordinary milky white variety which run in the lines of both bedding 
and cleavage, but all of a size far too small to show on any but a very large-scaled map. 
These, as well as the diaphanous quartz reefs, oontmn remarkably little iron oxide; the super¬ 
ficial stuning they show is due mainly to the decomposition of included portions on the 
surrounding rook. * 

The remaiDing quartz reefs noticed in the anriferons tract on the east flank of the 
Kappatgode, on the west flank of the ridge running north and north-west from the Kappat¬ 
gode, and in the valley to the north-west of Dhoni vill^e, are all of the ordinary variety of 
quartz running morl or less in the strike of the bedding, and presenting no noteworthy 
pefsuliaiity. As in all schistose rocks of the ordinary types, an immense quantity of free 
quartz occurs throughout their mass, in the form of laminse, strings, bnnehes of all possible 
sizriB. It is from these, rather than from the ddbris of larger veins in reefs, that the mnumer- 
ahle lumps quartz covering the face of the country generally are derived. As the country 
is in most part utterly devmd of any vegetation except grass, all the larger oocuirences of 
quartz axe eonspicuous^hjeots in the landscape, need but little searching fbr, and are easily 


mw almost .invariable association of gold with the different sulphides of iron, lead, 

copper, Ao., in quartz re^ is wdl known; and hence 
la wbfdi a snipUds was in prospecting the reefs I have before referred to, I paid 
° gi^ attention to the indioatioha of the presence or absence 

of sulpbides, besides searobing for metallic gold. In only three did I obtsin positive evi¬ 
dence of the existence of a sulpbide^the sulphide of iron—in tbe form of cubied pyrites. 

. ^I%ese three were the Huttee-Kuttee iieef and the two paralld. reefs to the east Teidcatapoor, 
Imt nuiqhdr of hudesed eiystaltt is in mteh case vety smaJl. It is largest in the Huttee- 
Kutted reef. Much of the Iquurtz in the difibreut reefli is what the AuatraKan min^ 
esll "mouse eatenthahis;, full of csvibuw fbrmed by the weathering emt of 
sttUtanoes winch had been enriosed. In the great majority oases it was 
ilbe.'^hnin of the cavities lift that the enclosed minerale had bemt ehlmite or horn- 
cavities were cyrioal. In one reef in tiie Dhom group 1 noticed some 
mnaH cavities, pr^tal^ due to the re»!| 0 val df enclosed oystals of onlcspar. 

. sneh cavities in really auriiferoue reeft in Aiutndia 
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Foote: Aurifer<me ^eke of the Dambal Uilh. 

• 

and elsewhere; hat none wu met with here. 4U the reef? observed lie above the sarfacts 
of the surtoanding ooantry, and have henM hew far more exposed to weathering influences, 
which might aoeoant partially for the absmaoe of salpludee in the reefs, bat which will not 
account for the absence of tlu||«haKKsten8tio cavities they ahoold have left behind. 

From the great psncity of sulphides a proportionate pandty of gold is to be reasonably 
inferred in the ree& of the Eappatgode area. 1 most have broken off several hundred pieces 
of qnartz while prospecting, bat not one contained any visible gold; while that foon'd loose 
at the Hartee>Eattee reef contains bnt a very small quantity-^ mere speck. A number 
of oarefiilly selected samples was brought awa^ firom the most promising looking reefs, tq 
ascertain whether they contun gold in so finely divided a state as to be invisible to the naked 
eye, which is frequently the cose in Australian and Californian reefsi ' These were assayed at 
the Calcatta Mint through the kindness of Colonel Hyde, and in the Survey laboratory by 
Mr. Tween, but none of them yielded any gold, 

Even if the reefs were moderately auxiferous, the pioneers in mining operations would 
have many serious difficulties to conWd against; the distance from the coast, and at present 
from any railway, would make the setting up of machinery very expensive. No timber or 
fuel of any kind is obtainable except at very great distances, and water would bo very scarce 
except through the rainy season. 


Alluvixii Gold. 


Oold'washorB called Jalgors. 


The washing for gold in the sands borne by the various streams flowing through the 

auriferous tract is carried out by a dass of men called 
Jalgars, and they are now very few in number compmred to 
what is reported about them in former years. 1 could only hear of three, two of whom 
were at Soortoor, and the third lived at Seerhuttee, in the Sangli Jaghir. I obtained 
the services of the two former, and made them wash for me in the Dhoni, Sooitoor, 
Jilgerree, and other nullahs on the west flank of the Kappatgode. Of these nullahs, 
the Soortoor nullah was by them stated td be the richest, and this statement was fnlly 
borne out by the results obtmned when washing there in my presence. Next in pro* 
ductiveness came the Dhoni stream* but the yield was greatly smaller, and hardly enough 
to remunerate them for their labour. In the JUgerree nollah they got a yet smdUer 
retam; and in tl^ other nnllahs, including that at foot of the Kappat Iswara ravine, only 
a very few exceedingly minute spangles were obtmned, just sufficient to show that gold was 
not entirely absent from the detrital matter. 

The plan pnesued by the Jalgars when I let them folbw their own devices, was to take 

up the lower part of the latest flood deposit from the rochy 
or d^yey bott^ of the nnllahs, not from the deepest part 
of the bed, bnt firom tiie point at which a strong length of current dacked oflT, owing to a 
change in the direction of the stream. Another &vorite sort of place from which to ooUeot 
* wash-dirt,’ was the small aUnvial terrain betwemi the water at low.flood level and . the present 
«high flood level. From this they odleeted the fatn-washed anrfiMse, «hd in the of the 
wadiings m the Soortoor and Jilgonrea nuEah, obtained mudt hotter results thsm from washing 
the material obtained in fikvoraUe poaitiona firom pookrts in 1ik». beds oi mtiier nnllsb. In 
another washing in the Soortoor nnllah. tim wusfa-dirt seleoted was tiio. konknr crust depo- 
Ntedonthe doeomposiiig sarffioe of a band of chloritio aohiet. This was alt(^tber ,^ 
richest wadai^; made in presence. Unfortunately the proceeds of tins yrashing were, by 
inadvertence, mixed up with of aaotbOr, going on at the iwme tune a Uttie further down 
the naUah. * The umt^ malts were smd hy the Jalgars lo be 4 voj^.good day’s work* The 
second washing was made from 4 stuff collected at the base of the old alluvium bank) whilh 


Prooen of sdeotiiig waah.Ulrt. 
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there consisted of a bed of coarse shingle mixed with dajr and fine {armgiiiotts pisolitac gravel 
^ _ (a prbdoot-of decomposition of iron pyrites), overlaid by 

km irttiwinm *t . followed 1^ a second but rather less coarse bed of 

shingle, on which rested the regnr forming the soil of that partfof the valley of the Soortoor 
nolhih. The yield of this washing was rather less than t^at of the last mentioned. IPor the 
two washings I had four men at woih for three hours at a place of their own selection—thmr 
favorite' plaM aeoordii^ to their assertion; two men WMhed and other two dug and carried 
the material to the wariiing place. The qnauUty of wash'dirt put through the washing box, 
^ e^mated at li oobio yards, from which the quantity of gold obtained weighs a trifle over 
6^ grains, worth 9 annas in round numbers, at the rate of £3*1?>6 for the ounce (troy) 
of gold. 

The method of washing adopted is simple, but might be made more effective at very 

little expense. Thei^waBh'diTt is scooped up with a small 
Prooew of vM stout, broad hoe with a short handle, and carried in a basket 

or large wooden tray, to the washing tox, which has been fixed at the water’s edge and 
propped np with stones to the required slope. The washer sits on a huge stone in the water 
close to the side of the box, which is an oblong construction, made of light planks and open 
at one end. It is about 3 to 3| feet long, 20 inches wide, and 9 inches deep, and strengthened 
with clamps. A stick of some elastic kind of wood is jammed against the sides and 
bottom at the lower and open end to form a catch. This done, the washer begins to ladle 
water on the wash^dirt, kneading it the meanwhile with the left band and throwing out 
all the larger pri>bles. The ladle or rather scoop used by the Jalgors was made of a long 
calabash, vdth one end cut offl It was held by tbe middle, an oblong hole having been cut into 
the incurved side, and a couple of small sticks tied across diagonally to the corners and fixed 
With strings passed through small holes. The elder man of the two, however, preferred to 
use a tin with cross handle, which had'been given him by a former Collector of Dharwar. 
This goes on till a layer of sand has been formed in the box, so thick that the stick at the 
lower end is no longer a snfiicient catoh, and a second stick is jammed in and the washing 
process re^cotemenees till the sand layer has risen almost level with the second stick; both sticks 
are then removed, the washer stirs up the layer of saud mth a short, stout piece of wood 
^ then sweeps eveiything into the huge wooden tray held below the open end by tbe 
assistant. The washer then takes the tray, places it in the water, and perfmms the needful 
altnlriitg aud wsshing, teohnieaDy Called "panning off,” till nothing remaius at the bottom 
but fine sand, generally of black color. He then tilts the tray a little, md by judiciously 
dropping water out of his hand on the small layer of smid drives all the lighter particles 
forward and leavw the spangles of ^kl exposed. This small residue is then collected care* 
Mly by wariiing down into a faiiif coooanut shell,and taken home to be treated with mercury. 

From the shortness of the washing box and the vmy rude way of stopping the open end, 

and from the evidently careless style of manipulation, there 
iHi^rn ¥?'T^ of considerable waste. Much better results would 

doubtiess be obtuned by uriog a ^box more like the Cati- 
"XiongTom^” is gene^i^ '12 feet long, 29 isdfies wide at thC t(^, wd widmiing;|, 
ter29 ib^hee Mthe end^ Iwiddenhbi^ famished with various ledges to oaieh may heavy 

Whdjfmto ahntit the Ibppafgodeg(ddtraot*-'‘tiiat admkf^ observer, 
dhsth was so gim^. u h>ss to 'the eause <^'Science. 
c^ion tiht ihftwadiiing was'veiy' oamknslj and-'wastefnlly 
Superintendent'-of 'Folioe in' Oharwar District, 
who WfSI’daigB>rB at w<fihlia the l^boiu nulh4;h''«ras,like ntyself, much steuok 
.i^l|dianoes'iyu^.J^.OBXel^ way b'endDh they .prooeede<if’ < 1 'find it 

n Mr. Sriudt, ^area% a praetic^ miner, 
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Foote: Avriferoue Soehi of ihe Damhal IlilU. 

-who wrote ia a letter to the Timet qf India (quoted in Balibur’s Cjelopiedia of India, article 
Gold), that he never in hie wholeAii^cp$mei^ met with each carefnl and effectual waehing as 
that of the Eiq>patgode Jalgars, enrpamng even the Ghinese, who, in Australia, were consi> 
dered perfeoiiDn in that respect. 


Tho Jalgam ply their trade of gold washing only after heavy raii^, and,, as the Soortoor 
_ ^ , mwi informed me, for one month in the year, during which 

' no agricultural operations are in progress. Their earnings 

are very various, and range from 6 to 60 rupees in a season wplece. Th^ affected not 
to know of any g(dd in situ, and told me 1 was wasting my time in prospecting the quarts 
reefs. As it might be an idea of policy in their minds to keep to themselves as much ,of 
their knowledge as they fancied convenient, it would not be safe to attach too much evidence 
to their statements bat that they were home out by the statements of the patels of Dhoui 
and Soortoor, and unmerous other TillagHra, whom 1 qnestioncd through Major Bartholomew, 
who kindly acted as my interpreter to the Canarese people. The same information had 
been given me by the mmnlatdar of Chikkodi, in Bolganm District, a shrewd Brahman, who 
had been for a considerable period the mabalkare of Moolgoond close to Soortoor. The 
mamlatdar of Gudduok also confirmed the information I had previously obtauned. 


Captain Newhold, in his resumd of information about gold tracts, published as No. 4 of 
his papers “ On the Mineral Besonrces of Sonthem India," speaks of the banks of the 
auriferous nullahs* being crowded with Jalgars after, heavy rains—a very different state of 
things from what now prevails, and from which it may he inferred that the yield of gold has 
greatly diminished. It is very likely that sneh is the case; but anotiier cause which has 
had great influenoe in diminishing the number of gold'Washers may, I think, be found in the 
greatly increased prosperity prevailing in Dharwar District, since the American war ermied 
such a demand for cotton ^at immense wealth was poured into the district and gave a strong 
impetus to all sorts of other and more oertiun industries 4hioh have absorbed the great 
number of half idle men, who in former years devoted themselves to gold hunting in the 
rainy season. * 

Another writer qn the Kappalgode gold tract-~-tiie Mr. Soholt, already quoted**—formed 

a very low estimate of the aUuvial gold return. According 
^r. Sohoifs estimate oftheailuviai epitome of Us letter to the Timet of India given in 

Balfour's Cyclopedia, he confidently stated that the alluvia} 
deposits would nevrir pay, as the deposits in which the gold occurs are confined to a few 
insignificant nnUahs and " blind water-oonraea ” occupying the slopes and flats, the bed*-rodk 
in every case bring exposed more or Ijsaa, denoting a very soaniy supply of wash'dirt, the 
native goldowashen (a very limited body) confining their op^tions to a atrotum not mc- 
ceeding 6 inohek in depth. Twelve daya.* work at Soortoor yielded to Mr. Sobolt from 2 to 
3 rnpees worth of gold (ahont a pennyw^ht). 

I have already mriitioned that the Jalgars did not try to grii wlah«dii% fromde^ pockets 
in the beds of the streams, the ritnations. generally found most pi^netive in the Australian 
and Oalifomian gold washings. It was impossible to try ihe most ptbn^ng places in the 
several nUlahs at the time of my visit owii^ to the ccssstant hmvy rains. In the 
dry weather they nsjght, howev«r,-be excavated by damming ba^ the little streamlet that 
wonld alone rem^ then, and by simply baling oat the hoUow#}. but very little water would 
bs^en |,vaUalde for awriiing. The prcbshihty is that a Utile n&ore gold woald#be found, 
but that ae that opera^n has doubtiess, bqen carried cut m former times by the natives 
themsrives, im wondmfully rich pqekets would he found to r^^ expmses; for it must he 
home in nriljl that thp inhabitants of the K^atgode not ignorant savages like 

the Australians, who dU hot know tiw vrihe of ibe ]»rerioas;is«tBl. « 
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Tbe annual ottilum ot Wash gold from the Soortoor, Hurtec, and Dhom nullaha, wm 

estimated by CaptMH Newbold to be about 200 ounces after 
Ottttatn of ifoid average monsoon. What it may be at present. I did 

not succeed in ascertaining, but 1 think it may be safely set down at less than the tenth part 
of the former amonpt. The foot that so very few are attracted to the gold washings 
at present, appears to my mind very strong evidence of its not being a very profitable 
occupation. The poverty of the reefs is home out by the very small yield of alluvial gold; 
and the inevitable conclusion appears to mo to be that there are not sufiident prospects of 
success to justify any outlay of capital in mining works on a laige scale. 

The stream>gold is found associated with a black sand consisting mainly of magnetic 

other metsia found with the gold ™ octohedra. and a black residue not affected by 

■sod. the magnet In the sand washed in the Dhont nrillah, 

I found several minute rounded grains of a gi% metal, which on further examination 
proved to be metallic silver. A couple of little spangles of pale yellowish silvery hue were 
also obtained, which are doubtless electmm, the natural amalgam of gold and silvor; beside 
these were a few minute grains of bronze colour, which on examination proved to be a 
mechanical mixture of metaiUc copper and oxide of tin. Newbold mentions having found 
a small fragment of metallic copper, grains of silver, and a few whitish metallic spangles 
which he took to he platinum; a snppodtion which does not seem, however, to have been substan* 
tiated. He also fonnd gray silver ore in a fragment of qnartz, but did not trace the sonree 
from which the quartz had come; nor was I more fortunate in that matter. In a green 
colored and very trap-like part on the pseudo-diorite, lying about a mile north*west-by-ttorth 
of Soortoor, I found very numerous ootohedra of magnetic iron of minute size, hut very 
perfect, with nnmerons little lumps of copper pyrites and some iron pyrites. Iron pyrites of 
veiy white color, in minute parcels, is also widely dissemminated in an adjacent black variety 
of tbe psendo-diorite. « 

Oaptain Newhold’s notes on the geology of the gold tract are very brief, hut, like 

all his observations, very correct, l^e Kappatgode gold 
region was subsequently visited and described by Lieu¬ 
tenant Aytonn, of the Bombay Artillery, bat his description is nnfbrthnately very meagre. 
He speaks of an exceedingly great devdopment of iron pyrites in tiie gold region, and he 
obsfflrvee that, "were it not that all the conditions on which the large development of the 
precious metals depends are here fonnd in coqjunotion with the pyrites, it might he imagined 
that the email quantity of gold now found in ti>e nnllahs in this part of the country was 
derived firom thu somoe. Ir^ pyrites, as it is well known, often yield a small amount of 
gold." To my jrrdgment the devi^pment of iron pyrites is small, except in the ar^aceons 
schists near Bntbee-Enttee, in whieh the cubical crystals are found in moderate numbers. 
Lieutenant Aytorm does not ajqpear to have traced the gold to its matrix, though he infotred 
correctly that it is found among the chlorite slate Itills to the west. He mentions having 
obtained ooeanonally " nhall pepitee«f gold of a pear shape," hat doee not give the localities 
where thqr were fonnd. Bis sections iUnstrating the geological atrueture of the hill group 
are correct in the snooeaaioa of rocks shewn, but in various parts he seems to have taken the 
planes of slaty cleavage for planes of bedding.* 

]>r» OsHer, in Ida Summary of the Oeolcgy of India, in reforring fo Hr. Aytonn's paper, 
ap a n i j h a two hills, called the "dwat" and "Littie" 4kiild Mountains. These names seem 
to'']|Aite fiiaa oat of use now, or to have no reference to tiie occorrenoe of the preekme metal* 


Kotes on prerioua obwnrns. 


• OMhiiMIitfotinreiHrilwbisInaf me JfasliRu^ OeOeotonte of Belssom. moIttcUBs the OoM Die- 
WM* hjr IMISkaiat ajrtewt, of the Bmber artfUew. Tnueectitma of the Vottber OeogiaiiliieVaoeiieigr, tit 
mceSi sleorBSdafladfoikKin’eaeolesiMA^elwnioaWeeteml^^ 
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Th^ w«M not mentioned by the Pfttdi of Dhoni whmi pointing ont all the difEerent places 
Been from the eummit of the Kappatgode. 

Mir. Gilbert Elliott of the Bombay CSvif Service, now Oolleotor of Knladgee> visited 
the gold tract in 1866; but I am nnaware Whether he wrote any report on it at that time. 
I think, however, that if be had re-visited the Kappatgode and the other gold localities with 
the practical knowle^e of gold mining and prospecting he has since aqi^aired in Australia» 
he would not latdy have written so sanguinely about the prospects of gold mining in 
Western India. 

My visit to the Eappatgode was greatly facilitated by the gpreat assistance and personal 
kindness I received from Mr. Elphinstone Bobertson, the Collector of Dharwar, and Mfgor 
Bartholomew, Bo. S. C., the District ^uporinteildent of Police, to whom my best thanks 
are due. 

Other AtTRintRons nocAniTiEs ih Dharwar, BRnaAiru, and KunAnaRB Districts. 

Gold occurs but only in very small (Jnanrities at several other places besides the Eappat* 
gode r^ion. f-!b^ Moo^oond in the Eod Talooka of Dharwar District, which I was unable 
to visit firom its distanoe, is mentioned by Newbold. 

Lieutenant Aytoun mentions both Byl Hongnl and Belowuddeei in the Sampgaum 
Talook of Belgaum Dutrict, as auriferous localities; but in the case of the former gives no 
particulars by which to proceed in nuiking search: he merely refers generally to the occnr- 
rence of gold sand in some streams. There ate very few indications of quartz, except such 
as occur in laminae and bunches in the chloritio schist. I only found one small reef which 
was of diaphanous blue grey quartz, contadning no visible gold and no sulphides of any 
kind. The people at Byl Hongul maintain that gold is unknown tiiete, a statement con¬ 
firming the report of the talook officials to the Collector of Belgaum With r^erence to 
enquiries 1 made of him. I visited the auriferous nullah of Huttee-Kuttee, an abandoned 
vilkge near Belowuddee, but was unsudcessful in washing, and a series of samples of the 
alluvial detritus which 1 brought away proved on chemicdi examination by Mr. Tween to 
contain no gold. A sample of the auriferous sand which 1 obtained through the Collector 
of Belgaum was also found to contain no gold. The Patel of Belowuddee informed me that 
no gold has been washed during the past ten years. The Jalgars who used to frequent 
this locality came from Hoobly, in Dharwar District. The sand of this nullah oontmns very 
little magnetic iron, the almost constant associate of gold. 

All the evidence obtainable is not favorable to the idea of gold being fbund here in any 
considerable quantity. What littie had been found, was probably derived from some quartz 
reef traversing either the chloritic schists or the pseudo-diorite on which the nuU^ in 
question rises, t did not observe any reef in the valley, but much of its surfaee is mashed 
by cotton soil or ferruginous ddbris formed ly the decomposition of beds of hematitic 
schist which occur in large numbers in the gpieissic series^ These are the' jaspideous iron 
beds' of Mr. Aytonn’s report, which he holds to be analogous to the qtiartz ranges and 
metamorphio parallel bands of the Dral Mountuns and Austndia, and thinks they will be 
found to characterize the gp)ld zone of Belgaum District. 

* Moorgod, in the Pnrsgurh Talooka of Belgaum District, is another looality where gold is 
obtained in small quantities. Unfortunately I was not aware of thie whcAi there, and had 
not an opportunity of m-Visiting the place afterwards. My informant, the present mshal- 
kare of Chandgnrh, Belgaum |Jalook, a very intelligent Brahman, who had been mahalkare 
of Moorgod fOT eome years, told me that from 160 to 200 rupees worth w gold is annually 
collected in oH» of the nullahs near the town, l%e Jalgars in that case me poor Mnssalmans. 
The gold most probably comes firom small quartz vdns in the ddoritic schist^ which are 
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largely developed west of the to^. I am indined to r^rd thie series of chloritio rochs 
as occupying the same horizon as the Kappatgode series; but this cannot be detemined 
till the geology of the intermediate country riiall have bemi worked out. 

Gold is said to occur at Sognl, four miles soath>eastof Moorgod, but I could not ascertain 
which of the two nullahs near the village contains the auriferons sand. The existence of 
gold there is denied by the talook officials, so it cannot be found in any great quantity. 

The last place rqtorted to yield gold is Gooludegnd, in the Badami Talook of Euladgee 
District. I am inclined to doubt it altogether, as 1 did not bear of it, though 1 visited the 
place three times. It could hardly have been unknown to the German missionaries of the 
Basle Society who are located there, and I should have certainly heard of it from them. 


BbHABES on CBBTAin CONSTOBBATIOnS AODirOBD BT FaLOOBICB IB SITFPOBT OF TnB 
Aimqi7lTY OF THB HTTMAN BACK IB IHBiA, bjf W. Thboba!.!*, Geological Surveg 
<if India, 

♦ 

Few of the writings of the illnstrions Falconer possess greater interest to the geologist 
or anthropologist than the paper entitled “ Primeval man and his ootemporaries,” written in 
1863 (oiefe Falo. Memoirs, Yol. 11., ^ige 670), or display bolder or more fordble speculation 
on a question foremost for intei yst among those to which the attention of the great 
palaontolcgist had been devoted, '^e question, moreover, is an eminently living one, and 
great as have been the discoveries already achieved, we may confidently expect still greater 
accessions to our jjmoi^ledge of it in the future, especially that particular branch of it 
relating to India, “Tinl^'*"*'*'**""** of man there, dnriug the latest tertiary times. Whilst, 
however, every advanre in knowledge has tended in thq direction of Falconer’s arguments, 
and rendered increasing^ probahll the main conclusions he advocated, there are certain facts 
of which he was igporant, which materially diminish the force of one of the aigaments he 
employed in snppoit of his general proposition. 

The first argument in favor of the oo-exiftenoe of man and the extinct animals of the 
Sivalik Fauna, was the probability that the idea of a gigantic tortoise met with in the 
Pythagorean and Hindu Mythology had oxidated in a traditional aoqnmntanoe with tho 
^loeeochelg* htlae^ which in size was physically comparable with and capable of con¬ 
tending on equal terms with the largest elephant. The tortoise on which the elephant stood 
which snstuned the world, the second Avatar of Yishnu in the form of a tortoise, and the 
elephant and tortoise which during their combat were home off and devoured by the bird 
Ga^da, are adduced as instances of this idea. “In these three instances, taken from 
Pythagoras and the Hindu Mythology, we have reference to a ^antio form of tortoise, 
comparable in size with the elephant. Hence the question arises, are we to oonsider the 
idea zs a mere figment of the imagination, like the minotanr and the ohimmra, the griffin, 
the dragon, and the oartazonon, &o., or as founded on some justifying reality? The Greek 
and Persian monsters are composed of ^oifiil and wild oombinations of different portions 
of known animals into impossibb forms, and, as Cnvier fitly remark^ they are merely the 
progeny of tmeurbed imagination} but in the Indian oosmogonio forms, we may trace an 
iiaaga ^ oongmity throngh^ths <doud cX. exaggeration with which they are invested. We 
hlv* tine then, as at present^ the largest of land aniipala, a fit supporter of tba 

isfliit ftokldj is tfia serpent Asokaa, used at the ehnming (ff tba ooeaSi^e may trace a 
rapreamital^*^ of fha gigantic Indiipa Python; and in the J>ird-god Gwida, with aU his 
attrihutsh wa bmyMatect the gigantio crane of India {Oi^nia gigantea) as supplying the 
origin, in Kka nlwoner, the ColoteoeMjf* would supply a consistent representative of the 
tortoiae that amtained the elephant and the worid together. Bat if we are to suppose that 
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the mythological notion of the tortoiae was deriTed, as a symbol of strength, firom some one 
of those small ^)eoieB which ate now known tOvjffidst in India, congruity of ideas—this 
harmony of xepresentafiont wonld be at once violated; it would be as legitimate to talk of 
a rat or a monse contending with an elephant as of any known Indian tortoise to do the 
same in the ease of the &ble of Gardda.' The &noy would scont the image as incongruous, 
wd the weight even of Mythology would not be strong enough to enforce it on the faith 
of the most supentitious epoch of Gie human race.”—Page 575. 

The above argument is plauuble, if it may not be termed forcible; but since it was 
written, additaonal light has been thrown on the subject, and it has been ascertained that the 
Fauna, habitually referred to by Falconer as the Sivalik, in reality comprised two Faunas, 
derived from two perfectly distinct groups, which were first discriminated by Mr. Medlicott 
(vide Memoirs, Oeologioal Survey, Vol. III.) under the names of N&han and Sivalik, in 1864. 
Now, the co-existence of man with some, at least, of the extinct members of the Sivalik Fauna, 
though not as yet established, is what the discoveries of any day may put beyond question; 
and were the Colossoehelys a member of the more recent, Sivalik, fauna. Falconer's argument, 
quoted above, would, in my opinion, have great weight: but we now know that Colosaochelys 
was' not a Sivalik species but a member of the older Nahan fauna, no species of which is .. 
certainly known to have survived to Sivalik times. Colossoch^s was among the fossils for¬ 
warded by Colonel Burney from Ava, where it was associated with Mastodon latidens, Clift, 
and Elepkas Cl^fUi, Fal. (M^aetodon elephanteides, Clift, in part). Now, both these mammals 
areN4ban species, and during the last season a superb palate specimen of E. Cliftii, Fal., 
was procured by myself from Ndhan strata,^ear Talowra, on the Sutlej; whilst Mastodon 
latidens, Clift, was recently procured near Lehn, not far from Jhelum, ^ Mr. Wynne, accom¬ 
panied by 8ns hysudricus, Fal., both fossils differing considerably f!ro]|C|L;§^ilik remains in aspect 
and mineralization. I have not visited Lehri, but I have good g^nds for believing the 
fossils from it to be all of N4han age, though this I need not enter on here. 1 have also 
m 3 rself procured during the last season specimens of Oolossochelys firom N4ban beds near 
Deyra or the Bifis, so that the evidence of the geological age of this.remarkable form is 
tolerably complete. This being so, ahy arguments short of direct proof of the co-existence 
of man and the Colossoehelys are vaiu; since, with the enormous gap intervening bdiween 
the groups, it b far more unlikely that remains of man will be ever found in the older, than 
it is probabb that they may be discovered in the younger. ^ 

The second argument I would refer to is contained in a paper by Falconer, published 
posthumously in the Quarterly Journal of the Geological Society for November 1865, and 
reproduced in the Falconer Memmrs, Yol. 11., p.< 632. I cannot do better than give the * 
passage as it stands: “ The third fossil species (Sippopotamas EalmndAewt) b perhaps the 
most important in its indications. A qua^uped, so remarkabb for its size, form, and habits, 
must ever 3 rwhere have forcibly impressed itself on the attention of mankind, and struck 
with the close resemblance of the Nurbuda fossil bnffab to the existing spedes, the 
question arose with me: * May not tiiis extipet hippopotamns have, been a contemporary 
of man? and may not some refieetion of its former exbtefice be detected in the extinct 
languages or anebnt traditions of India, as in the case of the gigantic tortobeP* FoUowing 
up the^ enquiry, I ascertained from the profound Sanskrit scholar, fiajah Badhakanta 
Peva, that the hifqopotamus of Indb u referred to under different Sanskrit names of 
great antiquity, significant of ‘jab hasti,’ or ‘water ebphaht,* in tixe ‘Amarakosha’and 
‘ Sabda-ratnavalk'.^ Thb view b confirmed by the opinion of two great Sanskrit scholars, 
Henry Colebrooka and H. H. Wilson. The former in bis annotations cm the ‘ Amarakosha' 
interprets the words‘Gtdha' and‘ Avah6ra' as meaning >hip^^opotamns; and the biter not 
onfy foUows thb version, but gives two other words,. ‘Eariyfidos' and ‘Vidoo,’ which he 
supposes to signify the same animal. It b therefore in the highest degree probable that &e' 
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•noi^nt inh«il4tMM>B'Of India fiumUar with the Uj^topotamos as a living aiuznal, and 
iti is every inobalaUty this knowledge'^ it wae draira iiom 'tbi|^ Af ric a n 

aperiee iQPi|iori<ed from Egypt oar Al^BBinia/' Oonsidininff the important isaoe here raised^ I 
f4t it vmidd he extremely deaivahle to obtain some otm&rmatoTy opinimi, if poesihle, of Ihe 
phih^i^gieal queation invdved, and aocotdingly addveend a note to my old friend, Baboo 
Bdijeo^kalila Mitra, eiaring ihe case and requesting his opinion as to whether or no any 
Sanskrit words were known which could certainly he refewed to the hippopotamus. His reply 
was si^ongly negative of the idea, and I give it in fulL 


**The JalaAastt does not occur in the Amaratogha, hut in some of its commentaries 
it is given as a synonym of avahdra. In the Ndg&ncmda, a San^rit Buddhist drama, 
Jalakm^araa are described as sporting in the waters of a river. Ku^jara is but another 
word for haatl. The counterpart of this occurs in the S^ataranginl, where Jalagandkebha 
is used for jaiakaatl. Keither of these books, however, afford any clue to the nature of the 
animal th«^ describe. The Sanskrit Dictionary of Bdhtlingk fmd»Both gives ‘wasser- 
elephant' on the authority of Hemasuti, who says it is an riephant>Iike animal, which 
dwells in water (Jaleahi ^haatgdkdrdt vd). The Amarakosha tokes tiie grdha and the 
avahd/ra to be the same animal, which, according to one commentator, is the same with. the 
•/shark, hdngam {hdngcMrdkhga jala-jantcai^ ; and according to another, a slender,.long animal 
that frequents the confluence of laige rivers with the sea {aamudra-mahdnadgoh sangame 
latdhdrajwntv, maeahah). At least half a dozen others add to the above defliiition * com¬ 
monly known by the name' h&ngara* (shark), but not applicable to crocodilesand I see no 
reason to difier from them, llieie is nothing in any Sanskrit work which can be accepted 
as a positive proof of the Jalakaati being othw than the grdha, and was used to indicate 
. the hippopotamus, Xmust add, however, that Wilson, in his Sanskrit Dictionary, gives the 
Hrord hippopotamus against apahdra with a mark cS interrogation. He . has , not given 
tite wotA jalakaati;* 


After perusing the above remarks of so eminent a scholar, I think few will he inolined 
to attach much weight to any argument- resting on so insecure a philological base as the 
abovpii seen to be; indeed there is a mote formidable difficulty even than the £^ve un¬ 
certainty, as to what animal was really meant* in the fact of the words presumed to signify 
hippopt^amaa being of i^yan origin, which would at. first seem to carry forward the 
presence o£ the hippopotamus in India to so late a period as the Aryan occupation of the 
ooontiry. To this lei)|;th Falcoimr, however, does not go* as he remarks with respect to this 
difficulty—After ^fleeting on the question during many years in its palieoutological and 
ethnological hearings, my leaning is to the view that Si]apag>otamiia namadicua was extinct 
in India loi^ before the Aryan invaribh, hut that it was ^miliar to the earlier indigenous 
races” (Henmirp* ^ol. II., p* 641). Without, then, questioning the probabUity that thia 
was the cabe, I think that it must IrfliaUriy he admitted that the phUologioal argument is 
iotatiy insuffidoot jper ae to estddish aneh'probability. 

' It rem^s^ howevm', to determihe what t^imal the jqtla^uii really -was. It , was clearly 
m^.Wvrieldy a^^ ftequenting riv^ and not the crocodile. ,!The sup^itton of most 
eoinmantators that it was the * ahtmk^tiiaa prohahly due to the fact that tb^ were acquainted 
tikriy iotin^ to it, though there is no pcusihle similarity or 


imit to render it prohahle that the old Aryans 
4|)4i>tbe. former animal, ^Ehe ohseirvathm of one of the 
effect that it &equent«d i&e junction of 
(though ilritii the rmimrk of its hmuglong and riender, 

I. ’ • a ^ " '''iVx <ia‘ ^*4 «■ .iv k ^ a . ^ 1. ‘ , 




koimal can' 


seems to tikeo# a ^ight on whatmay 
intended * iW wituessed the awkward evohitimw of dngoi4;B 

im'tha utiy still sea at the mou^ rivers qn the 
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■ide of Bay of Bongal, 1 out well tu^iBiwtattd liow tite term * wateir elephant’ might be 
lulled to thfdi animal tHiowb heavy maMti|» head and bolkjr^ fonn, imperfectly porceived 
beneath tl^e water, k av^ggestive of eomewlmteii^hmitineproportiaiBa. I ofier the Bo^stion, 
however, merely for wh^ it is worth, ^d as one certainly more probable than that the' water 
elephant’ can be mther a dmrh or any almider animal or fish, whOet the probability of its 
being the hippopotamna ia one involving too serious issues to be adopted on the slender 
grounds alone of verbal applioabiBtiy. 

Eabaou, 1 W. THEOBALD. 

July 9fd, 1874. j 


Geolooioax Notes made ok a visit to the coal bbcbktlt niscoyBBBD ik thb oouktbt 

OB THB LtTKI FaTHAKS, SOtTTH'EAST COBKBB OB AbOHAKISTAK, by Y. BaIX, H. A., 

Geological Survey qf India. 

In the following pages 1 purpose ^ving an account of the geological struotnre of a 
portion of conniay which, being situated for the most part beyond the British frontier, where 
internal strife and raiding is the normal state of things, is one which, except under such 
special arrangements as were made on the present oooasion, could not be visited by a 
geologist. 

For this reason it-is imp<»tan.t to put on record even the somewhat imperfect observa* 
tions whieh were made during a few days hurried ride through these littie known regions. 

Fortunately, the route taken by the expedition from the plains at Sakl-Sarwa to the * 
most distant point reached in the Chamarlang vallqr (about fifty miles as the crow flies) was 
more or less at right angles to the strike of the rocks and of the princi^ hill ranges, and 
thus in each day's march a section of the rooks was traversed which served to indicate the 
geological structure. The fadlity with which such rapid observation could be made being 
in a considerable measure due to the poverty of the vegetation* which was nowhere sufficient 
to hide the roihs, and thus the eye was enabled to trace indiridual beds through all their . 
bendings for many miles. Hus freedom from jnngle renders geologbung on the nortii*west 
frontier a very different tbing^ from what it is in the cenfrid parts of India and in the 
Himalayas, where, for tba most part, the geolc^cal stmeturo can only be aseaiained by 
systematic plodding np the beda of streams and hill sides, and where a bird’s ego view of the 
relations of the difEerent formations is seldom to be obtained. . 

My observations being restricted to a limited portion of the grmit Sulimin range, I do 
not attempt at present any generalisations or even comparisons with the geologically known 
xegicois to the north and south, but shali oonfine mjedf as mivh as. pomible to an enumer* 
ation of the (dwervatidns made in' thk paztionlar locality. So fisr, thmi, as seferanco to pre» 
vions notiees ia concerned, it is limited to the eonespondenoe resting to the disodveiy of the 
coal, the examination of wWeh was the dlqeot of my mission. 

Siotory qf ike eoal .—The first disobvery of coal jn the nalghbonrhoOd of the SuHmfin 
range, west of Dera Ghfed Ehfin, was, jn the year ro 68, repeat^ to thS Qffi d a ti i^ Deputy 

* I «a Msttod to nr. e. Kus tat ttie tasstmcsttwi ia a BmaH o^kMika «w( tiHMdtoftona plaata 

'Ferjtai^ tbo most oubsmw oa the WHS *i aspeelts eg oH»e,fO*w ilofioasO. Swropea Vat.). A 

SabdUAhia pata OSiwwpnifM 'JUtaUimmaae, ibe finStB 4^ wbl«h are aoosflni.jAw hr tha BUnchia oceora on w 

WU alopea aed’m tli* valkra -Da/dM iL., '' Q raiat a /ngmlffb^a 'ami jtfagaiua vitemt are tiao found oa 

billa la tile vallqia^aneeioa of Amufo aad tkmorto aitS not uaeMBBum, sad HnWia adertm and Ero9>*s* 
eoesafousDj eeoijur. hsSdas the ||ioi^BeVertiherbaoeoas,j|tiHita«hltiiti ti«srieiatfteBniiientebeiw, were also 

ctitebtsA 
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14)0 of lie of Inilia. 

Conttew^Qtft Cslftaiii W. Mk Lum, by Sitdit Khlait chief of the lAg^iVt lai'ibc. fipeet- 
lafiDS vrem fovwcsded by the Ideutesaift^GloTiyoor. of. the Panjeb to the Oeofegicel Surrey 
ior vepoai. ^eexuminatioQBhewedthidiiiioit af the^pcMimene ocouired free h* the 
freotute eooohoidal; etraoture obseurdy woody—one epedmen splinteiy with a black 
rtroek, the othor tough with a brown atreak. Spedfio gravity 1'46. Water 13 p. e, > 

Ctompoaition— 


Carbon 

... 44-0 

Volatile 

... 60-6 

Ash 

M. 6*6 


100*0 


Tracea of sulphur were observed. 

The locality whence this coal bad been brought was visited subsequently by the Deputy 
Gonunissioner of Dera Gb&d Kh&n,* who wrote—“ The best specimens were found in the 
Mithanwan pass, near Chota B41a> but evmi here the seams are so small, that they would 
never repay the labour of working them. The seams of coal lie embedded in the rook chiefly 
of the eandstone formation.’* 

After much labomr for a whole day about 10 seers of coal was obtained ** The largest 
Veins are not more than 6 indies long and about 2 inches in depth." It was justly cctocluded 
that the deposit was not worth working. The above-mentioned coal from the outer (eastern) 
flmilriia g hills of the main axis of the Sulimdn range was, up to the year 1870, the only 
known example of the occurrence of the mineral in that latitude, ^though both to the north 
* and south at E£iab&g and at Lynah, in 8ind, coal has been known to exist in limited quan¬ 
tities lot a long time. * 

In 1870, the present Deputy Oonunissioner Captain B. Sandeman reported the receipt 
from smne Hlnchis of specimens of coal from a quite new locdity situated in a range of hills 
ninety miles from the British firontiar. The aooonnt given by ^ Bilnehis represented the 
coal to be in ocmsideiahle abundance, and as thekusay of spedmens which were forwarded 
at that t^me indicated a good ooaht it seemed probable that an important and valuable disco¬ 
very had been made. 

¥ ** 

Accordingly, in tiie present jtxr, a favorable opportunity occurring, Captain Sandeman 
paid the prinoi^at locaii^ in the Qhamarlang valley a visit, when, in a short time, 30 camel¬ 
loads of 0 ^ were collect^ by the jSitochis, and the impression formed from the appeanmees 
presented , by the seam was that tiie coal existed in snffident quantity to be of economic 
value. !I%e coal collected on this occasion was forwarded to Bahore, where it was tried 
ia.a locomotive and gave frurly promising results.' At this stage it was determined that the 
locality should be 'nr^ed and reported ^upon by an officer of the Geological Surrey, mid tke 
followii^ ae^unt embodies the results of the examination:— 

l^oats.—Before proceeding to ,tl» deitailed account of tiie locks, I shall give a short 
the route ^ 

.rf_^__ 

ytesku pspw*wentaia«»t a yt li irvMfnbW less. 

eSrixm’ .t. ... ttS'O 

... ' ... Mr* 

Aflb fit tWI 


im 
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Bail; C^al in lAe Paiian ffiilg. 

Leaving Defti OhiKt Kliin, whtob, 1ln}^h nn^ti tke nottnal aroa subject: to inundation 
from tlie fudns, is protected from injury oopiddetable dams, tire road westward to Yuddore 
passes oTOT for tbe most part cultivable land, bvoitea here ens»d there by tracts covered with 
drifrang sand-dunes. Between Yuddore and Sahi-8arwa the anO becomes more arid and 
sandy, and cultivation is more restricted to whet :ma>jr aliSays' be oaHed oases. The wild 
vegetation, oonsisting ci spedes of Tama/riac, ZizfpKua, Cdat^opia and Mvphorhia, indicat¬ 
ing the character of the soil. At l%i,ki-Sarwa,* which is said to be 9S6 feet above the sea, 
the surface is covered with a wide-spreading t»lns of boulders. 

At the foot of the hills, close by, is a narrow margin of horizontal beds of sandstones 
and conglomerates, inside which again rise an older series of ranges formed of beds with a 
steep incline outwards, the dip being in places from 60° to 70°. Hothing can be conceived of 
as bring more desolate than the aspect presented by these ridges, scarcely a sign of veg^- 
tion bresJcs the uniform brownness of the arid rocks. Entering the hills by the Siri pasB,t 
four miles to the south of Saki-Sarwa, we find that the marginal zone above qioken of, has 
spread to a breadrii of about four miles; the nearly horizontal beds of which it is composed 
completely covering up the highly iholined beds which appear near Saki-Sarwa. In the section 
exposed in the cliffs bounding th^ pass, a thickness of about 600 feet of beds of sandstone and 
conglomerate is seen. In places these dip to the south-east or east-south-east at an ai^le of 10°; 
and the disappearance of a bed of conglomerate at this angle accounts for the sndden and 
total extinction of a steady oorrent of water which comes from the interfor. Judging from 
the map, this seems to be the &te of most of the rivers alcmg this frontier, few of them 
finding their way to the plains, although the continuation of the nalcthit or dri«d-np water¬ 
courses indicates that they have done so formerly, or even may do so now under the excep¬ 
tional circumstance of a heavy and long continued Tainfall4: 

The gorge of the Siri pass is abou^four miles long. At its western entrance ther 
horizontal beds are well seen resting (m the h^hlyjnclined older rooks. Hwe a valley opens 
to view, in which, as far as the eye can reach to the north and south, numerous ri^^es, formed 
of green wd red shales or olajs asd brownish sandstones, and frirther in, white limestones, 
crowd the space. All the beds dip outwa^^ from the main axis of the Snlhndn idi consider¬ 
able angles, none under 80°, and in places exdbeding 70°. In the neighbourhood of Ea4}i,§ 
highly fossiliferouB wH^ nummuUtio limestones of incpnriderahle thickness, alteinatiug 
with aigillaceous oeds, fibcet mslce their appearance. 

The open parts of this valley, though stony, support a certain amount of vegetation 
which is dwarfod and stunted in giowtii/but produoes an agreeable appearance after the 
.dreary waste outside. 

Underneath the limestones occur seme lUum shales, and a succession of shales and 
sandstones. The ascent to the main axis of the Sulim&n range traverses .tiie up-tumed edges 
of these beds. 


* The tfunb of Sskl-Sarm it s plue of »uoh nkHrt botb by HtboiMdati& and ^tniius. k imdls, w&ioh la bald 
in the cold veathw. attmota naaUflionBanda of tdlgriiaa avoir jelr. 
t An bid kaSIa ^to to EaatbdMr, 

t Aa btataiiob of the, tetiier’oai^ inaoed, hM oonio to notloa dnilnf^ this piiit tm alnoe mj vMtj the 
foods which have oanaad the Indu to brebk into tbie bid'ted of the Satlij and tnantetb tho^^otatlon ofOmerkota 
having: hoan. prilv^pblly dae to the iocaat bf la B Sw n a ia bodiaa of water ftoaa tea Uftatal tnhntariaa wMbh diaia the 
Snilmbn iBttdS- Iharatnli^fa Btlnohiataal^iabem qailtoexnaptionaliB tlte inonaoon, andthe loaa of cnttlo and 
^li4iiirtohooMahmteoDpM4aeteb,te^oonstdaiid^ 

iteihUvlj;^^ttoaadlt 4 idtoim|maid]teto;fs.nVP«dtfaui,thab«mxiimvf tteiivan and low nngwaegm- 
mtad OB the Aidaa^heet amps pmaidag pntaly im a riaw y direatfaHw. 




' tM Mute lay 8 (mth<€oath>*wesl 4 through ^huti M&ri, for fifteen or sixteen 

n^es; likefbdcs; tre exee^ some mefoly leisal npid oeotortions, gently xolfing as*xipples do 
the t(^ of e great vave. 1 %e prinoi]^ ro(^ in th«w higher r^^ns (4MKK) to 6,000 feet) 
Ooni^' of daxfc purple sandstones with highly ferrug^oHs bands and oooasionaily badly 
preserved fossils. But there is one mariced band of w^ell preserved specimens of a species 
of Oafym. These rest upon greenish and grey shalsB and occasional lumds of a dark blue 
and vei^ dense ealcaidbus sandstones in which no fossils were aj^rent^ 

A bungalow erected% Captain Sandetnan is situated on a partially isolated fiat-topped bill 
about 5,IB80 feet above the sea and twenty miles soath-Boath-west of Ek-Bai—-the highest 
peak in this part the range. 

From the bungalow otur route lay in a nortfa-westem direction, or nearly at right angles 
aoi^ the strike of the minor ranges to the west of the Snlim&n. Passing down over the 
isestem slope of the main antldibal, the dip of whidi is mnch more gentle than the eastern, 
we reached the Bakni valley, which is ntuated in a synclinal trongh, the rocks on its western 
side rolUng over again in an aUtidinal and forming the Beka and Idaz&ra hills. 

The Bakni valley is a fine open fiat pluU, ^m five to six miles wide and 3,280 feet 
above the sea. It appears to be tolerably fertile, and is inhabited by a tribe called Badianis. 

In the paas to the north of the Deka hiU a good section of the anticlinal is met with, 
the beds of shale and sandstone, a mile further on, disappearing beneath the nnmmulitie 
limestones, which latter—between this and Tagb&r, another fertile valley—^form a synclinal 
trough*. Between Tagl^ and the Earvada range, which bounds the Cbamarlang valley on 
the east, tfaeN are a succession of valleys for the most part formed along the denuded axes of 
antfolinal rolls d the limestone. Bn the scarped side of the Harluk portion of the Karvada 
range the older rooks, sandstones and shales, |p-appear underneath the limestones. And 
in these rocks, okwe to the western foot of the range, at about 800 feet below the base of the 
limestone oocnrs the principal coal iobalityi where, aesodated with layers oontdnfog fossils of 
oysters and twrUellcus, ooonr two seams of obalj- one of them averaging 2 inches, and the 
oUier ifoout 9 bnhes in thickness. Other looaliileB where this horizon was met with will be 
found mentiloned farther on. Time did not admit of my examining the Dadar and subsi* 
diaxy ranges wludi bound the Chamarlang vallii^ on the west. But so fiur as a distant view 
ean justify an ofaidob, all these faffla appeared to be formed, of the low^ rocks, rrith the 
revezeed dip of the antldlinal; Imdar lull Itself, which is 6,280 feet high, not appearing to 
have even a cap of the nnmmnlitic limestone. 


Out return route the Hinki and Han psISes afforded an opportonlty of extending, 
very oonriderably, our observations on the geography<» and geology of the coontiy, as it 
traversed the tangos at a distanee of ffom twenty to twenty-five mifos Bonth-w<^ of our 
route ont. 

- On the way to the Hmld vsHey, at the southern end of the Snrvsda range, a section of 
tU posl-haiiion rooks is disclosed. In a pass hwe, there are some thin Igyets of coaly matter 
Mue oonomtisnury shales, the of which is 70” to south-south^'east. A fault has 
edges of these rorim fofoebntaet with the edges of the limestones. 3^ HinM 
ysBey xtme aloi^ the denuded orest nf lUs anticlinal idl of the latfoir rocks.. 



aa^ a fine open valli^ oall^ Pasta Ifora tjto lower io<^ are in several 
the lattw ihli^ilvKV eshmd for sonfo wtahoe to the north-west into 


tits lattw ei^imd for some dhitahoe to the north-west into 

limaitone e^ betwemt Ote XSrMda and Ujh Htili. 


of tiwmhmyftem vsicb tbst 
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Ball : Cml iift Bmi PalAan Jlills^ 

* 


These lower rooks oonMntte witii eoTetlA roUe natil thejr. elope up to the Jhoadraa range 
when a shai^ aatiolinal head causes ti^m to <^p ei^deulj and dineppear under the limestones 
of a marked range which bounds the Barkan valley, and of. which an admirable section is 
exposed in the Han paasi. 

The esstem peak of Jhandran is about 1,200 feet above the vidley« Vegetation is some¬ 
what more abundant upon it than on the surrounding hHk, and mediciaal plants, which are 
reported to have epedal virtues, are found upon it. It was said^ that this hill hod been the 
abode of a Fakir, some of whose domestic utensils had been turned into stone. Antidpating 
that some ikwnils of remarkable character might have g^ven rise to the tradition, we ascended 
the hill, hut our guides could not, or would not, shew us the cave in which these articles were 
Bind to occur. « 

Close under this peak there is a spring which yields a perennial supply of water. The 
banks of the river passing through the Han gorge are for the most part formed of aoalcarooua 
tufa, in which tw^s, leaves, and recent land-shells abundantly occur. This deposit is nimilitp 
to the well-known Asarhar of India..It does not appear to be in any way connected with 
the above-mentioned spring, wbiob, if any, deposits but a very slight amonnt of calcareous 
matter. 


The. Barkan and a succ^ion of valleys to the north-east piresent a fertile appearance, 
and there are several large and popnlona villages of the Kbetrans situated in them. As their 
name implies,* these people are ooltivatora ;* but owing to the constant liability to attacks, 
cultivation is for the most port confined to the immediate vicinify of the walls of the villages. 
These vdleys run with the strike of the limestones. To the east the ranges, of which Mozara 
is the prindpal peak, can at once be recognised as being formed of the older rocks both from 
thrir dark appearance and ike Afferent Torm of weathering wUch they present when compared 
vrith that of tiie ranges formed of limestones. 


From this point our return to the Bungalow- Ikrongh the Bakni plain 
same,route as on onr outward march. 


lay along the 


■ The rooks 
follows 


1 . 


Tertiary 

Period. 



seen in the above sections are referable to several distinct 


formations os 


BecbK'T (a) 

FuoobhbP (b) 
MiocbbbP (c) 

EocBBa I 


' • 

Alluvium, hiU detrital hedsluand, and calcareous tufa. 

Sandstones and oonglomemtes. 

Sandstones and clays. 

* ilp 

Nummuntio limestones. 

Sandstonee and shalcs-t 


* 


JESeeent (a).—Begarding the recent beds, in process of forma^n at pretrant, but little of 
interest can he said. Ike alluvial area from year to year receive an increment from the 
inundation of the Indus and its tributarieB. The drifting sand dunee constantly changing 
their poeitimis creep along before the prevailing winds oflen, in their oonise, covering up and 
rendering uselets oultiv^le land. The hmreaae o£ the hill detidtal and talus beds in this 
oountiry of snail rain-foil takes place but riowly. The bravrajtin and celcareous deposits are 
f(arming in several plaoeslfi.^In the Han pass there ii^ as akeidy mentioned, a oonsidersble 
exposure of this rock, but the sources fzpai whkh it wa8<.deriv^ are no longer in action. 

Pliocene f i^bsenoecof way fpesil remains, it wieuldb(^ pMarnkture io.atiemptfo' 

refer tiie fringing beds of sandetcmcs end conglomerates, whufo^ as I have above pginted out, 

. . . . .. .. . . . . — --- 

* l>siiv«in«an ^ ^ 

t PosnUyipoieof foMS wbsununefpspilsTk^iM Jswdleete^wimMkm'itft jbei^md to the sMesdai^ ptriod 
(oKtaeeoos}. 
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are partlSuWly wall soen in the Siri pa8s« to any of the known groaps whidt have been 
■eparated by their fotNnl fiiana in other parte of the oonntiy. ^tbat iheae rooks wUl, when 
they come to be thoroughly examinedt prove referable to the age of the SiWadiks k not only 
possible, but, from their position and associations, highly probable^ 

iThe facts observed regarding these rooks are, that in the Sixi pass, where there is a good 
section exposed for a distance of about four miles, they consist of ooane sandstones, 
ronglomerates, and boulder beds aggregating a total thickness oi from 600 to 000 feet. In 
places they appear to be quite horizontal, but are for the most part inclined outwards, having 
a m ax i m um dip of lOP to south-east and east-south-east. At the western end of the Siri 
pass they test upon and ^^inst the inclined edges of the rooks next to be mentioned. 
Judging from the appearance of the map and of the country so far as it could be examined 
by a distant view, there is a greater breadth of these fringing rooks at the Siri pass than any¬ 
where else in the neighhoorhood. At Saki-Sarwa, for instance, the highly inclined lower rooks 
almost adjoin the plain witnont the intervention of more than a very narrow fringe. In the 
plains to the south-west of Saki-Sarwa, however, qofite detached from the main mass of 
elevated ground, occurs a long range of low hills which from their amorphons stmoture will, 
I anticipate, prove to be formed of these beds. 

On the west of the St^im&n range, in two localities, I met with conglomerate beds 
resembling in their lithological structure these rocks; the first, mtuated at the western base 
of the Deka hill, may very possibly be of this age; but the second,in Karer in the Luni 
Pathan s country, partakes so completely of the disturbance of the limestones npon which 
it rests, being melnded m a vertical synclinal fold, that I am forced to believe that it must 
belong to the age of the group of rooks next to be mentioned. 

Aftocene f (e).—-Aa to the characters (rf the whole of this group I am not in a position to 
spe^, since its higher members are covered up by the rocks above described in the Siri 
section. Much as I should like to have examined these rocks in detail, the season was not 
one in which it was possible to do so without considerable risk. The general appearance 
presented by them as viewed from a distance shews that they consist of dark brownish 
sandstones in beds of no great thickness, alternating with bright red, greenish and grey 
clays. Th^ dip outward (e^) to the plains at angles of from 30” to 70”, mid strike 
with the main Bulim&n axis, more or less north and south. I had no time to examine them 
for fossils, Imt it is probable that they will be found to correspond with one of the known 
groups of miocene or older pliopene age (N&hansP) of the Sub-Himalayas and Salt Bange. 

On this side of the Sulimdna they no doubt extend for a considerable distance, to 
judge from the distant view and the physical features indicated on the map I fully anti- 
oipate that the beds which ore expos!^ near SaM-Sarwa will be found continuous with 
those known to occur much further north in the vicinity of Banu.* With the 
imperfect data I possesa it is rtF course impossible for me to say whether this group is 
suaoeptible of sub-^vision or not. tossil evidence, in the absence of internal unconformity, 
can alone decide this. The total thickness <»nnot, I believe, be under 8,000 feet and may 
be much more. 

^loeene With the «|^peaxa&oe of the nnmmuHtie limestones we leaeh a geological 
hiMisdsi, M to the af^ities of whidh there can be no doubt. Abounding in well preserved 
frtsMbi and with well marked hthologtoal characters, these rooks pw* be readily recognised 
wherevsM)£hay epoar. 

... "f .. .. ..... 

*" ^ “^ ** pf- t'swhew's ivport ea the geologjr of tsshnlr, the Wertem Hlmsts^s sad AJfelieii 

^‘Vdautaliu. ;.A.8. A.Vhl.XXXV1.18«r. 
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1[u the east to west sedaoo a^oioas thi^^wtiy deserilKd in the preceding pages tlie 
iimestoneB are .first met with: in tiie yidnitj' w ^^adji, where they .ajaderlie, conformably, the 
saadstoiw and abi|lee just described. Here there is but a emaU developinent of the calca¬ 
reous element which is confined to a fisw small bands assodated with shales and sandstones- 
This local alternation in the character of the beds when compered with the' condderable 
unbroken thicknesses of limestones whioh occur in the sections farther wcst^ and which will 
be described below, suggest that this locality must have been situated near the margin of the 
sea in whidi the deposit took place, and was therefore more subject to the inroad of foreign 
materials than the areas in which the limestones are now found of great thickness and uni * 
form character. < 

The fossils found at Kadji insist of Pelecjfpoda, Gastropoda, jBcAinodennafa, and 
Nummulites, the species being ideOtical with those found in the limestones of the western 
localities. Behimdermata appeared from my collections to be relatively somewhat more 
abundant in individuals at Kadji than they are in the west. 

As to tiie thickness of these ro<d(8 here I cannot venture an opinion, hut it appears to bo 
very much less than it is in the west. 

Crossing the anticlinal ridge of older rocks whioh forms the main axis of the hills, we 
first meet limestones lAgain resting on the flanks of the reverse slope, where to the west of the 
Bungalow at Sandemanabad they occur as a narrow strip of buff-oolored rocks containing 
nummulites and probablpr other fossils. 

Further west, beyond the fine of the Deka and Maz&ra hills, limestones are again met with, 
but here we seem to have reached the area of maximunhdeposit, for we find thicknesses of from 
1,000 to 2,000 feet with no breaks in the uniformity of their character save those caused by a 
few bands of nummulites which are densely compacted in a green silt These bands are more 
strongly developed on the east side of the Tagh&r valley than elsewhere. There the tough 
limestones may be seen standing out from between the friable nummulitic beds. Nummu- 
lites are not however, by any means confined exclusively to the latter beds, as they occur 
pretty generally throughout. 

At Taghfir, for some cause, the mollusoous fossils were very badly preserved, being for 

the most part only in the form of internal casts, but of such there was a great abundance. 

>• 

The section from the foot of Deka to the Earvada range, whbh bounds the Chamarlang 
valley, discloses only these rooks rolling in a succession of synclinal and anticlinal folds; 
except that towards the end of the Eerar valley there is a very sharp ayndinal. whioh has 
caught up in its embrace a fold of conglomerate. This bed eontainingi^ as it does, fragments' 
of the limestone, must be referred to a more recent period. 

Underneath the limestones of the Earvada 'range, the older rocks, sandstones and shales 
with coal reappear. 

The limestones here, as in all other places where the junctioii^of the two groups of rooks 
is exposed on the side of a hilh form a marked cliff, the sandstones and abides forming the 
under-olijS. This cliff extends ^ aldng W Esrvsda range, and! is ,&om its top edge to the 
junction with the older rodm from 400 to 500 feet thick. The accompanying section represents 
the relations ezistiDg. between the two groups m this part pf the ooimtty.. 

In the Hinki vailpy, whioh is aft tiie south-west end of .tiie ’Earvade^ the ILmedones arc 
crossed the return route. Between libis and Baste Marathsy'^exhildt taa unusual amount 
of local disturbance, in some cases the underlying shales and stniaa pchrepus beds ^peanng 
at the Inuken erests the antiolinals. Between, Pasta Sfiwsa l^^the Han pass the ^der 
rooks only are seen, but in the section at the^tter place ,the litfte*M8* wappear in consider¬ 
able thickness, dipping at low angles towards the Barkan vslfey. .J?!ot Jew than l,20Cf of these 
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focJut is liere exposed- Donudation has prodiund some veiy pretfy effects in them. Isolated 
conical hills, several hnndred feet high, standing out on the idopii^ flanks of the main range. 
From this eastwards the beds roU over, slofong up on the flanks of the Deka and Mas&ra 
range. 

These limestones consist for the most part of soft friable beds of ditty white or very 
light fawn color. Sometimes, however, tiiey are very dense or even sab-oiystaUine. From 
among the latter highly ornamental marbles might be selected. In these the sections of 
nnmmulites and other fossils present a very pretty appeaxanee. 

On the Earvada xtmge boulders of a peculiar semi-crystalline limestone with green silt 
interspersed were met with, but the position of the bsd from whence they came was not 
ascertained. The rock is dense and heavy, and at first looked like an igneons product. 

In places veins of pure white limo, the result of the perccflation of water, are of not 
uncommon occurrence. 

Layers and nests of gypsnm, too, are sometimes met with. Some long sticks of fibrous 
gypsum (selenite) were obtained in the Hinki valley. 

Fossils in these limestones were abundant wherever searched for. The colleotion brought 
to Calcutta includes perhaps a hundred different spedes. The places where I obtained 
those wore in the Tagh&r valley, Chukerani, Pasta Mora, Kadji, Earvada, and the Barkan 
valley. Besides those I received a number from Captain Sandeidan from the Shum plain, 
which is situated some miles south of Saki-Sarwa. 

The following is a preliminary list of the species which were obtained:— 

i 

’Swxxn.Ttne, 

Probably several species, not yet determined. 

COBALS. 

Paehyaeris Ifurchiaom, J. Haimc 

MonivauUia ? 

A branching coral, not yet determined. 

Eobikodbbmata. 

Cidaria Vemeuili, d’Arch. 

Phymestma nummuUticvm, d'Arch. 

ConoeUffpetts Flemingi, d'Arch. 

Bchixaater Newholdi, d'Arch. 

„ Beloueh^cmenna, d’Arch. 

JSfWopsi* Sowerhyi, d’Arch. 

» ^Sp.P 

Besides several other speoioB which remain to bo detwminod. 

^ PnsOTPOSjL 

Teredo Sp.P 

CraeeatelUml^ndeMie^ d’Arch. 

M Sp. f 

Ckn^ula subeaarakit d’Arch. 

jCacMur yiffan^, 
t, euhviearyi, d’Areh. 

„ several othm* spedes. 

Attartc 8^. P ’ 
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Venus subvirgata, dXhrb. 

„ oi^arteoidee, d’Anll;* 

M eubovalie, d'Andt. 

M eubevereeti, d’ArcL 
„ ByderabadeneUf d’Aroh. 

Cardifa Beaumonti f d’Arok. 

,, several other species. 

Cardium Bomeri, d'Arch. 

„ several other species. 

C^/prieardia Vicargi, d’Arch. 

Area JKktrrackensig, d’Arch. 

CAama Sp. P 

Mgiilue wbcaHnaius, Desh. P P 
„ several other species. 

Gastbofoda. 

Nerita Sp, P 

NaUoa e^areiinat Desh. P 

Trochue, ^ 

Turbo, I 

Pkaeianella^ I 

Turritella, One or more species of each of these genera. Tlieso have 

Cerithium, not yet been determined. 

Fuaua, 

Cassia, 

Cgpraa, 

Ovttla Bepressa, d’Arch. 

Eocene (e).->-Undemeath the nummulilic limestones occur a series of rocks which differ 
from them very much in their lithological characters, and to no inconsiderable extent, too, 
apparently, in their fossil contents. 

But these rocks, so &r as is known, coniwn no fossUs whose occurrence would be incon¬ 
sistent with their being referred to the tertiary period, and it would appear that lithologically 
Bitnilftr rocks havo been met with •elsewhere underlying the limestones, and which have 
been considered to belong to the nummuUtio series. Adopting this view (with the under¬ 
standing that some of the lower portion of this succession in which my very cursory 
examination did not result in the discovery of ang fosmls may hereafter yield evidence of 
their belon^ng to the cretaceous or some older formation) I sl^ proceed to describe the 
sections as I saw them. 

Underneath tiie limestones which, as I have above said, occur at Ea^ji, there appear some 
earthy alum shales followed by sandstones and shales. These beds dip at angles as high as 

away Horn the main axis of the Sulim&n. After crossing some hundreds of feet in 
thickness of the upturned edges of these rooks, badly preserved fosrils commence to show 
themselves in the sandstones, and firagments of a thin lay4r of densely oompacted oysters are 
met with scattered over the surfSsoe of the ascent. Assoriated with 'this layer ate some 
shalmi, and it is probably on this hotiaon some few miles to the north of Kadji that the 
ocal mentimied on p. 146 occurs. I started one evening to visit this coal, but my ^de so 
managed matters that we never reached our d#ttnation. The following day 1 was dissuaded 



[m. VII. 


164i Meeor^ ^ ike GeeUgieal Surv^ of India. 

from my intention td proceeding to it in the enn, m n loi^ ride lay before ns. and it was 
rq^resttted to me that exposure in these hot valleys oonld not be undertaken without risk at 
this selbon. The opinions on this coal given on page 14d, and the universal testimony of the 
narives,* unite in saying that it is in extremely small quantities. And the handful of 
Aragments of lignite brought by a special messenger fhllj testified to the worthlessness of 
the deposit. In a geological point of view, these traces of carbonaceous matter, together witli 
the accompanying fossils, are not without interest, as they oonfirm the views of the geoU^cal 
structure arrived at by examination of the physical relatioDs of the beds. 

Crossing over a considerable thickness of these sandstones and shales the road leads 
over the HBn>ki>der, a peak whiih is situated due south of the lofty £k-Bai. This peak, as also 
in all probability Ek-Bai, are formed of dense white sandstones, under which there is seen in a 
deeply cut vall^ close by, a considerable thickness of green shales, so that if we except these 
shales, it is the lowest rocks of the geological succession whirii form the highest points of 
the range. From this point the edges of the rock turn over, and it becomes apparent that 
the main axb of the range is formed by a huge anticlinal roll, along the crest of which 
there appears to hxre been a fault by means of which, the upthrow being to the east, the 
turned over e^es of the white sandstones are opposed to those of the upper beds. 

I have already on page 148 described the oharaotera of the rocks seen between Han-ki- 
der and the Bungalow, and as the other intervening sections are few and unimportant, I bhall 
pass at once to those in the Chamorlang valley where the coal occurs. 

« 

The first coal seen is exposed on the scarped side of a hill called Kuch-htldi. The 
section is as follows; the thicknesses of the shales were estimated, not actually meabured. 
Ascending— 


1. 

Coal, dip 10t> W. 

••• 

2" 

10. 

Shale ... 

p 

••• ••• * 

2. 

Gypseous shales much johited 26'*0'' 

11. 

Coal ... 

4^ 

8. 

Coal 

as* 

r 

12. 

Parting 

. 2" 

4. 

Same as 2 

• ■ 1 

... lao" 

13. 

Coal ... 

2" 

6. 

Coal M. 

CM 

«. 4" 

14. 

Shale ... 

... 6*0" 

6. 

Shales ... 

• •• 

«. 26 -0‘’ 

16. 

Coal ... 

... 2" 

7. 

Coal - ... 

••• 

3" 

16. 

Shale ... 

... ... lO'-O' 

8. 

Farting ... 

• • • 

4" 

17. 

Coal ... 

. 2" 

9. 

Coal » 

M* 

...' 2*' 

18. 

Shale with oyster layer. 


The hill is capped with sandstones which contain fossils of Iktrrifellcu. 

In this section then there is about a total of 2 feet of coal, which is distributed in 
nine thin layen throughout a tiiioknees of certunly not less than 100 feet of shale. 

In another section of t£e same hill, three seams, possibly identical with some of the fore* 
going, locally swell out in places, hut do not average more than 2 inches in thickness. 

Paesing from tiiis hill up a small vallqr in a ifestemly direction we meet another section 
at iba end of the Harluk portion of the Earvada range, the geological horizon being pre* 
cxsely identical wiili that of the ftnegmng. 

*Here there are in all aboefi seven seams, the thickest of which does not exceed 6 indies. 

dip is uradh dii^thrbed. 

The neat Ideality is in the continuatien <d the same beds on the western or scarped side 
of the Eimda rw^, where it overiianga tiiaippen valley of Chamarbrng. 
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It vrtm at thu lo<»lity that the appaaai^im' aa^ntad to justify the hope that coal iu work, 
able quantify would be found. The followk)^ la the aectiou of rookrf exposed in this range 
in ascending order 

dti 

Blue sold green oky shales^ 

Sandstimes witit fossik of TarriUlla. 

Shales. ^ 

Coalt good, aTenging 9 inches in thickness, strike S.*W. j dip 3C° S.-E. 

Shales with strings of eaal, . , * 

Ojster bed. 

Sandstone with badly preserved fossils. 

Green shales. . 

Sandstones. 

Red day shales. 

Lunestones about 400 feet thick to the crest: below the crest, on the eastern slope, 
about 300 feet more seen. 

The same section appeared tolbe pretty constant along the hill side for a considerable 
distance, the ^1 oontinning for upwards of a mile at least. As to the character of the coal 
I shall again speak further on. 

* The next and lut section in which traces of coal were found to occur is in a'pass at the 
sonth'West end of the Karvada range and which leads into the Hinki valley; hero some thin 
layers of papery coal were observed in the bluish green shales, which at this spot are much 
disturbed, dipping from 70** (to BOUth*south.eaBt and south) up to the vertical; further on, 
their edges are brought in contact with the limestones by a sloping fault. 

Between Hinki and Pasta Mara the lower rocks occasionally crop out under the broken 
crests of the anticlinal rolls of the limestones. Beyond Pasta Mara again these rocks appear, 
as has also already been mentioned, and finally rise to form the Jhandran range. The route 
between these places crosses through one short gorge not 300 yards long, which is out at 
right angles through an anticlixud roU of dense cq^careous sandstones, probably the same as 
some seen on the main axis nMcr Chnti M&ri. A sadden bend to the east carries these 
beds under the limestones of the Barkan valley. , 

Fossils .—The evidence afforded by the fossils which I was able to collect as to the 
age of these rooks is unfortunatdiy somewhat meagre. 

I found no trace of any cephalopoda whatever, and some could hmdly fail to exist if the 
rocks are either cretaceous or jurassic. 

Botii Dr. Yerohere and Captaip Yicaiy described somewhat similar rocks; the former 
in the north of tite Sulimfins, and the ktfUr in the south. It hardly comes witinn the range 
of this account however, as I have ahea^ said, to attempt to dosejy correlate these rocks 
with others observed elsewhere. 

13ie following is a list of the fossils which for the most part have only as yet been 
genetically determined:— 

’ '* T* 

Ftmcmona. 

Osfyr^a mn^ieo^, Detii. 

O. ''d*Areh. 

O. 
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Nerita. 

Natica. 

Sotarium. 

TutrUella angulata, 3. de 0. Sow. P 

Cerithium. 

BotMlaria NoorpoannHtt d'Areh. P 

Some ntimmuHteit also occur in the Upper beds of aandstoues; and a monocoty- 
ledonoos aquatic plant was oWotned in tiie sbalea of tbe coal horhion in the Deka valley. 

Osr |ps cojll ain> its scokouio VAiitTS. 

* From the foregoing it will appear that the best seam of coal which has been discovered 
in these hills is only 9 inches thick, lliis seam is continuous for upwards of a miln 
just inside a low ran of bills flanking the Karvada range, which borders ihe Chamarlang 
valley on the soutH-east. 

The sulgoined assay by Mr. Hughes, of the Geological Survey, of a specimen of coal 
from the seam shows that, if found in quantity, it would afford an eztrmnely valuable fuel. 
It may be described as a light non-oohing coal. In th# absence of all trace of vegetable 
struckire, it would perhaps be incorrect to speak of it as a lignite. • 

** Tbe mean of two assays give loss by drying, 6*7 per cent. (::±=water). 

Carbon ... .« ... 57‘8b Does not coke 

Volatile ... ... ... ... 38 *8> even whon ra< 

Ash ... ,w ... ,,, 8*41 pidly heated. 


Totai ... 100*0 

Ash flocoulent, reddish in colour.*’ 

Another sample, taken as it came, that is to say, without the removal of tho yellow clay 
which has infiltrated between the cracks and joints in the coal, gave the following result. 
firom which it will be seen the proportion of water is somewhat greater, and that the 
percentages of carbon and ash exceed those in the preceding, but the result is still good:— 

Loss by drying, 8 prar cent, (sswater). * 

Carbon m. •» ... ... 69*9 

Volatile t*e as* •#« Me 36*8 

Ash ... M« .M ... 69 


TotaXi 100*2 

In my preliminary report I pointed out that, notwithetaading the excellent quality of 
the coal, a seam of only 9 inches is practically valueless. 

IS 

Were the seam tituated near to any line of traflio, some hundreds of tons could without 
doubt be extracted from the surfsce at a small coot. But, however situated aa regards 
t n ai fa it is a perfimtly obvious fact that sUoh a seam could not be worked to the deep with 
profit. 

Lt wpaains then to disonss the pmspeok of better *seains being hereafter discovered. In 
fkvor of titis pra^peet fiie on\|^thu^ that can be urged is, that since a period did exist dnnng 
flbe vi tibrae rocks when vegetriile matterwas accumulated in suffideut quantities to 

fonn layc^ of ooali it may have happetaed that hi so^ places the vegetable growth was 
exceptional MrtiVni or ihe period exceptionally prolonged, and, aa a consequence, the fossiliaed 
vegetable matter ok «K»1 was formed in exeeptional quantitien. 
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On the oiher hand, u rendering it imff »ht bi e wwh a thick deposit will ever be 

foimd, three aigmneiits may be ennine)rfi{led>*~' 

le^^^The experience of all those whc have liarplcared, or atitopted to work, the coal of 
the eame ge(d<^al age in Sind and the*jPwqab u againai |he probability of coal ousting in 
large quantity. 

2mdlj/. The oonntry^in qaleation has, nnder (hqitun Sandetnan’s orders, been thoroogbly 
aeamhed, and all^ parts are wril known to the different tribe^ yet no coal forming a thick 
seam has been dneovered. The slight coaly indioations, srhieh have in some places been 
observed and pointed ont by (he Kluohis, testify to the intelEgenoe and care with which 
they have hunted over the ground. , 

SrrfZy.—My own exa min a t ion of the ground has shown that the geological structure 
warrants the belief that since we have rooks of precisely the same on the outer or 
eastern slope of the Sulim&n range as those wftii which the coal is associated in the Chamar* 
lang valley, the prospect of finding coal at the former locality should be as good as it is at 
the latter; and not only as good primarily, but from the high inclination of the beds, th^r 
edges being all exposed, very much better. At the same time these outer ranges being 
readUy accessible to the people of the pluns, many of whmn, besides the chiefs,'have some 
idea of the value of coal, it seems vraaonahle to'condnde that did a huge seam oconr, it would 
long ere this have been brought to light. I have above described the character of such coaly 
indications as have been discovered east oS the main range, and have pointed out how unim* 
portant they are. 

Had the Chamarlang valley been the only locality examined, it might^^oceibly have been 
eondadod that boring would be advisable to prove the lower rooks; but as these lower rooks 
are elsewhere exposed and have yielded no trace of a seam, it may be stated that boring could 
only involve an almost certain waste of money.* 

For the benefit of non-geot(^oal readers, I shall allade here to a theory which was 
mooted in reierenoe to the Lagari coal in the early correspondenoe, and vHhioh theory I have 
known also to be appli^ to inferior or small deposits of coal of very much greater age than 
it. This theory is that the coal is not abundant, or is of inferior quality, booause it is dbly 
"in process of formation.*' Geological dironologyu not yat so ^ settled as to enable us 
to say how many thousands oi^ millions of yean have elapsed since the coal became coal; 
but this we can positively assert, that since that time the <mly possible change that can have 
taken place is in the wrong direction, in other words, the abstraction or removal of the 
combustible portions. Hothiug short of a mixade, and mirades find no place in the operations 
of nature, could convert the substances in contact with the coal, be they dlioions, caloareous, 
or aluminous, into oarixm or bitumen. 

SnuBUB.*—iWhile in the luUs I heard of a deposit of sulphur wMoh occurs in the Soree 
paal i mibsequently Oaptufi Sandeman ^itaihed aome spedmens of the erode ore and the ma> 
nofaetaied snlphnr. The finrmmr proves to be gypsum, which is much pmetriited by strings 
of sulphur. Ihis deposit if not the resnlt of more dixed volcaauo action, has probably been 
denved firom a hot spring, recent or extinet. A hot spring at Kr SSnda in the Soree pass not 
far &om whsre the sulphur was bnhgbt is well known and is a i^ace of mndi reairt. 

Gloss by is a bill called Kodar, whidi, aoeording to the mi^ ie feet high, and stiuids 

oat protbiaently abovo the low tanges. The season waa onfiivomble to my examining 
part of the oountiy aa I ihcmld otherwise have done. If th^ hill should prove h> he’ an 


* 1 pat this sonutwhst moro ationi^i^ than Ip WTsrixliisI ss stpoe It ms mlttsa; ! bid, m iht rttarn 
Bundi, an opportonitr ni eumioipg the l^er (ooks man daseiy. 
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ancient rolcano, the ooomeiioe of the aa^lmx will find an easy explanation* A irhdt to the 
hill in the cold weather wonld be well worth the tronbleof any one whom^ihtbaeethe oppor* 
tnnity of going there. Snlphnr is loiKpofaefared firom this ore Iqr iilio Boadars and ETuranis, 
and is stated to be abnndacnt. The proOead is most nxnple. An earthen gorrah (a thin spheri* 
oal pitcher)’filled with the ore is placed on tho fi<o; as Soon as snblimation begins to take place 
the fnmes are caught in a second gnnah, which is placed month downwards on the 6rst; cakes 
of pure snlphnr of more or less ciystalline stmctuie are thus prodaoed. 

s 

To tho Booth of the country visited by me petroleum is reported to ooour in the Mari 
hills. It is collected and used by the Kluehis principally for external application to the sores 
of diseased cattle. I have no information as to ita abnndanoe. 

llBome rather indefinite mmonrs of brine springs, and one of the oocnrrenco of aotnal 
rook salt, reached my ears; bat I cannot vouch for the truth the statements. 

a 

These, as weU as many other satgeots, will receive no doubt full attention when the sys¬ 
tematic examination of the oonntxy is taken np by the Geological Survey. 


Norn OF thb fboobxss of GBOLOoiOAn nrvBsnaATioN ih thb GodXvabi Distbiot, 

MaoBAS Pbesidbnot, iy WiuiABt Kiho, b. a., Deputy Superintendent (fbr Madr<i»}i 

Geological Swrcey of India. 

So far, the Goddvari District is one of the most interesting in Southern India, from 
tho number and variety of its rock-series: those being found to represent periods in the 
paleozoic, secondaVy, tertiary and recent formations. 

Since 1837, the district has been rendered classic through the researches of Dr. Benzs, 
(guided by General, then Colonel Cullen), and the Reverend S. Hislop (assisted by Lieutenant, 
now Colonel Stoddard, Madras Engineers): the first of whom showed that a band of lime¬ 
stones with marine and estnaritie exnviee oconrred interbedded .with trap in the low hills 
of P&ngadi; while in 1856 and 1869 the latter announced that a narrow bat broken band 
of the Deccan traps with interirappean limestone containing lower eocene remains cropped 
ont not &r from either bank of the Gkrifivari above the town of B&jahmfindri. 

The later investigations of the Geological Survey have added considerably to the above 
knowledge; annonnoeuients of these additions by Mr. W. T. Blanford and myself having 
been given from time to time in these Becords. 

TiUdng tho several gronpe of rooks in descending order, there are* 

1. Rbobnt DiFOSSTS,. indading the long-known allnvial accumulations of the 
Godivari and Eistnah which merge into one another and form the wide and extended belt of 
low-lying plains edging this part of the Bay of Bengal. 

S. CtTDDAiiOBB sABDsioKBS;—These rise np with an easy slope to the westward 
from under the allnvium as the low plateans of Samolcottah, Dowlaishwamm, Pingadi, 
Chinna Tripetty, and Golapilly, and axe here and there o&pped with laterite. The series 
sppeun to bo identical with a like set of rooks ocenrring at Cnddalore^ the Bed Hills near 
Madras, and agsdn at NeH(Bre, and more or less continnons between these places. They 
were named Ouddalore sandstones by'Mr. H. F. Blanford in 1867. 

8. Dbooah Tbap with tMPBBipuFraAFrs crop cat from under the B^jobmindri san<L 
atoUM at KA^ra and Fingadi: and as Hislop has shown, the intertrappean limestone is 
of lower soomie nge. A few additional genwa and species to those already described have 

obtained Mr« A. J. Stuart, SnlwCoUeotor of the God&vari, from the K&rtdm locality, 
^ my own bring ttOre {>articulariy from near Fdngadi. ' 
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4. LiJCiTAs or IvPBATB4iroBAir8.-^Wb3e voildng oofe the precscdlng aeries in the 
FAngftdi plateau, I discovered a nev set elf seeks unmediatelj underlying the lower flow 
of trap a short distance south of the village of Doodkooroo, whi^ is likewise traceable to 
Gowieepatuam, a mile or so further east. ISm chabootra, or resting place, of Doodkooroo 
and the old pagoda of the second village are huUt of blocks from a fossiliferous bed of this 
group, which is so crowded with a species of TwfriUilla that it may be called in the series. 
• the Tunitella Zone. This shell is very closely allied to, if not,, actually identical with, 
21 {Toreula) dispatta of Stoliczka (Cretaceous Fauna of Southern India; Palseon. Indioa). 
The other associated fossils are Kantilvs, Sostellaria, Murex, FasoiolaHa, Latvrus? 
Pgrula, Fnstu, Pseudoliva, Pleuroioma, Volutilitkes (very near Voluta torulosa, Desh.), 
Natiea, Turritella (near T. Pondioherrimtis, Forbes, and 21 MuUvdtnata, Deusa.), 
Ceriikivmt and Dentaliim. Ostrea, Oiteullea, Peetumeulus, Corhia, Cardiia (C. variabitis, 
Hisl. and others), and Ogtherea. There are also a Oiliopod fLuuuiifes) and numerous ehelee 
of a small crab. Only one of these forms, Cardita mfiabilis, is common to this zone and 
the intertrappeans. There is evidence, 1 think, to show that the bottom trap of Fdngadi is 
lying unconformably on the TurriteUa band. Lithologically, this group is very similar to 
the Lametas in other parts of India. 

6. RajkahaIiS.—^T hese dark<red and brown ferruginous sandstones and conglomerates 
with a zone of fine white and buff shales containing Ammonites, Pectm, Nucula, ^o., with 
Palteoxamia, Cgcadites, ^e., crop out from under the Lametas near Daywarrapilli. In 
addition to the above and another set of fossils from InnaparazpoUiam, which Dr. Stoliczka, 
just before leaving on the Yarkand expedition, pronounced as having their equivalents in ibe 
Oomia beds of £achh (uppermost Jurassic strata), I have, daring the last season, obtained a 
good series of plant remains from the Golapilly plateau some twelve miles west of Ellore. They 
are Ptenph^llum JSslopianum, Palmfzamia aeut^litm, Pal. rigida, Peoopteris Wndtea, 
P. 1 lohata, TaxodUesf, Lgcopodiumf, Auraearitea ?, seeds, leaf-stalks, and stems. 

6. DamI&i>a 8.—a. Kdmthis. A further examination of the fossil-locality near Kun- 
lacheroo (pointed out by W. T. Stanford in a previous nnnd}er of the Seoords) enabled mo 
to secure the following r—Ferfo&mmo, Gloaaopteria, Srotonaana, vat. Jndica, and varP 
Auatralacia, G. mtue^olia ?, Ncaggerathia, FUvniea, Phgllotheca Indiea, Yuccitea f, and 
stems. 

b. Baraharaj--T\a!e opinion already ky me in Yols, Y and YI of the Beoords that 
the sandstones of Bdddadandle are of this group, and that Ihey probably oontabed coal, has 
been confirmed by the borings selected for Mr. Yanstaveren, the Executive Engineer. Four 
seams of coal and carbonaceous shale were struck, only one of which is, however, of any 
thickness. .The bore hole of this is near the eastern edge the fia|di and at 188 feet 
4 inches, a 4]) feet seam of poor coal was found. Hy colleague Mr. Tween gives the follow¬ 
ing assay 
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This was evidently &om a fair average of the material brought up fimn the hole, which 
was more blMk shale ^an anything else; fOr a subsequent outdy^, of fragments of fair coal 
picked from the staff!^ givM— * 
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As (die borisip amcotitiiiiieil in tkese and in npinr staratn, betitet ceenUe is tiO (loantaty 
and qiial% may be obtained. 

There is no other ezi^are of coal keoswrvs fn tiiie distriet; tteitih«(» firom my latest 
exaininaUon< which was earned on to Bezwadah and thence westward to within range of the 
oU work of Messrs. Charies, M. Oldhain, and B. B. Poote, is there any indication of further 
ohtlierB' in the Eistnah JDistrict. 

7. CBXSTanujTBS.-'-The gneiss oi the ChtdArari district and down to Beawaddi is 
to a great extent a high^ gametiferoos qnartsofelBpathic vari^yj well ||^ded and Misted. 
It often weath^ into a.rock acaroefy dis^nguiahable from a sandstone.^ Bands of very 
quartzose rock with graphite sparingly di^buted through itoocnrs dose to Bezwadah, 
as also some beds of oiydidline limestone highly charged with pyroxone. Traces graphite 
are found in the streamf of the Bdddadanole field, which have evidently been brought down 
from the gneiss country to the north. Large masses of tourmaline of very black color 
occur at times in the gneiss; and from one region in the Yemagoodnm taluq near Koye< 
goodnm pieces of the same mineral have Over and over agun been sent to me by the district 
officials* as coal. 

The area of crystdlines has, however^ only been cursorily examined as to its details, and 
it is therefore premature as yet to rder to it except in this short manner. 


NoTBSB'CFOW* TBB SUBSiniABY MATBBXAtS FOX ABTIFICIAU FUEI., by ThBODOBB W. H. 
HnoHdb, A. B. s. m., c. b., f. o. s., Geological Surseg of India. 


The manufactnre of artificial or biiok fnel from small coal and dust, which is becoming 
an important industiy in Europe and America, has a very practical bearing upon the develop¬ 
ment of the coal resources of this country, owing, not to any pressing necessity to utilise the 
waste which is gradually accumulating in our chief cen^s of mining, but to tho fact that 
mudi of onr cod ia Soceediugly aoft and liable to didnt^pnte. whilst some of it is so enuhed 
in.its ordinal bed that it oan only be brought to die surface in the form of dust. 


it is already iqijparent (hat the find remedy for the wwte of dust<ooal .will be the direct 
one od bornittg it in a state of powder. .The advantages of perfect combnstion lately obtain* 
ed in this way by Mr. Crampton are so important that it may yet prove econinnkal oven' to 
crush rmmd end for tho frtniaee. At pretent, however, in India, where the chid demand is 


for locomotive Migines, only teip plane sue open to us to render dnst-eod of marketable vdne; 
the one to edte it; the other to oonveii it into ortifioid fad. The system"which promises 
least inooen is that of eddng, finr the excess of ash and water in some, and the imdi amount 
of ^yolatile matter in others, a&ot the odang property of a hrge peroentago of Indian ooals. 


an^ the m^t generally appHodile mdhod fi» their utilisation is that of oonsolidating them as 
aBti|(ig||ilv|l^ It mi^ ttlwM&re be to b4<% to notice » wsiry interediv^ and wahiable 
eMpfi ^ % H. A* lEtv^wts, of theflSflole dee IBiiee de 

Xi^B, in iriiMi the substances are^ indicated that have found most pivor in Pwnee mid, 
B^pnnv the mamrf^ctnx^of hriok*ood has attuned its greatest devdopment. 

' ' '■A'''’' ,vt' ' ' “ .,' ' ' 



Ucsoglne Its qgllapjttl' iu BCftA*sP VUMWa,. iBySaO a etsu of teennSIto 
It tho lUo Ifr, K. 0, a, wkt.mmme of tbo dTciosteo fix ^tbe oooiutoaas. 


PAftT 4w] Hughw^ Suhiidi^ »a!krk^ JIlM- »rt Iftl 

The prinoipal qualities tube usaadi $lb mwwiSeA. in tiie anhstiuMMa used aie 

«u|$iy onjdeiBehin ^'(N»iiibwrfditH)lt;sr kmE Ihelam maiterial. 

2neL—T!o prevent the ihel from erumbfing in the fire. 

8f^<^Not to wispiient the qaantitp oi inorigaaio matter In the naam. 

Tar and, above all, {dtdi ate the matters best adapted to falfll aB these cxmditions. 

The principal robstances proposed, or that have been the sulgeoi uiq^ieriinent^ are as 
follows;— • 

let.—Vegetable and mineral tars, flmd and dry pitch, aiq>halt, bitiuneil, redo, and 
guttB'percha. 

2nd.-**Ai^ylaceoaB substances, damaged starch and farinaceous matter, residues 
firom the manufacture of starch, 3to. 

8nl.-^Fatty matter, animal or v^etable, oiUcake (colza, poppy, dec.). 

4ik .—Gelatinous matter, gelatine, glue,»ddbris of horns, dung, &o. 

6M.—Mndtag^ous matter, certain decomposed mosses, Sou 

6tk .—Potash or soda soaps. 

7th .—Oxygenous substances, such as nitrate of soda, chlorate of potash, and 
peroxide of manganese. 

8^^-~Earthy plaetio substances, day, plaster, lims, tarry cement, and silicate of 
soda. 

Inorgcmic auhtiance*.-~The inorganic matters comprised under the two last headings 
are evidentiy only applicable for the manufacture of fhel for domestic purpbees, whore the 
object is to sustain combustion for a long time without lettii^ the heat be too strong. 
M. Habets leaves it to be inferred that the oxygenous substances are added to modiQr in this 
case the purely deadening influence the hioombnstible earths, whfoh form as mu^ as 
25 per cent, of the compound. ' 

Amylaceou* aubtianee*, —^A.ftdr tar and pitch, starchy matters are those which have 
been meet foeqnently need. In fuel for domestic consumption they have replaced tar, qn 
account of the inconvenience arising from the odour of the latter material. Witit a proper 
draught, however, uo annoyance at all is felt. 

Tar. —Tar, which is still emphqred to a certain extent in Eni^d, has almost entirely 
foUen into disase in Belgium, and is only retdned in a few Frendi factories, it having been 
found that bricks made with tar will not bear long carriage, that they stidi. together when 
placed in heaps, and that they give ofl* in bamug a great deal of smoke anri a djsagteeahle 
emelL 

Flmdg>it^^-r-l!hB ttanu&etaee with-fluid piteh, which in 18M had made mptd ptegtess, 
is now (1871), e«»ly carried on in two footories^ia Brigium, lunsriy, at Bavwartaii--adiere 
Enab's system of coking frirnishes the neoessaxy pitch—<nnd at Gossriiee^ where tife em-> 
ployment td Evrard's maehineiy neeMsitatee>its use. The plant caqqised for the applioBtion 
of fluid pitcHiis mudh larger and more dlfiBpnU; to ke^ in iepssr.ti»to<th«t vtoitthad for^ 
pitch. Heaters,pumps,tubes, mixmgscrews,andqedaldutrihQtosfi,Jke.,mtu^be.ptoVUed; 
skilled w;orkman must be employed, arid tire drawbads arising from imperfeet distillation 
in the drying proeess must be guarded aghbut^ othenriae ilia 'bririei wBl be Ipo smoky and 
melt in tito ann, ' 

2b;y|)itojl.—Dry piteh has ahnoet universally superseded Arid pl^, fmr experience has 
shown tiudi less machinery is . required to work It with, a more regular product ie obtuned, 
and the brides are leas tiaihle to soften. Ito. employment Ipiiitoito u certain degme of auto* 
mathun, which has had' the most l^p^ reridt in the towering,of the coat, owing ietim 
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awogrivllivitlw ueceM^ty'^ Ittmugf ftpei^i%''<t4hidatiE[ workonMfj' iAd; «iiofcher great 
adtaatagailitt m i&e fact iiiattiie bmlM can ba lMwdkil ahuort imme^tely after leaving the 

pMNk 1 ■' 

Hrj pitch is not a ecmstMit products Aocording as the distilUtioix^haB Been pushed too 
far, oontraiy, ^ y^wi« between 1*286 and, TSST^* If the, eviq^ation is 

oenied on to dryness, a product is obteined deficient in ef^lntinaihig properties, and It Is 
fbnnd neoessm^ to add fluid pitch, ^ or some heavy oils. fi?he following is an analysis of 
dry pitch of 1*28 densi^ t— 

jOwbon , '••• iM 

Bjrdrogoi ... ... ...' 

Osjttn ... ... ... 
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Hie above extracts Will suffice to show that M. Habete is an advocate for dry pitch as an 
agglutinating material; and the experience gained in Belgium and the north of France 
certainly points to it as best adapted for the purpose. But he points out that tiiis process 
has not been adopted in the south of France, owing to the heat of summer making it 
diffionlt to reduce the dry pitdi to the state of powder $ and until this diffienlty is snr- 
monnted, the same olgeotion would hold with even greater force for India; In the southern 
provinces of France the soft-pitch process prevails, smoke-oonanmers being adapted to the 
furnaces to obviate the evil effects o£ the mass of volatile prodncts t the same system could 
probaUy be applied to the ease of India. It was no doubt oonsideiations of titis nature 
that led Mr. iWvers in his book on coal to elect in &vor of the starchy cements for India; 
ahd.at pressnt the ohoioe seems to lie between these and the 8oft>pitoh process. 

M. Habete makes littie or no spedfio mention of the otbw snbstanees enumerated in tbe 
Srd, 4th, and 6tii seotions of his list. We may presnme that no practical result was obtained 
firom them. His essay is most valnable for the detuled descriptions and figures of the 
^ffiunnt processes of msnufadiure. 

Seme attempts have been made to adapt &rinaoeom i^latmants to the sem!>biiaminous 
waste of onr ebU^des in the B&niganJ field; and oonsidfflred as mere experiments they were 
snooessfnl, bnt oommereiaiy they were fsS^aresi Rice and Indiamcom were both tried, and 
th^ formed good oemmitB, bat ^y c(m8titated a very heavy item in the cost of prodnotion. 

' ■« I f '« 

I think the time teh scarcely ai^ved for the manntectnre of artificial fuel to be a sue* 
osssflkl industry in tiie Sfinigaig fl4d wldle whole coal oui be prooured at its present or 
even at a considmably mihmioed price j but with regard to the Ddijfling coals (which can 
only be extracted ae durii)> tmd to a certain extent those of the Wardha valley, the only 
oonrse 1^ ntijiring them in the ateisaoe of the poesitelity convwting them hit6 coke is 
to maliili thein into briiQik*coaL* 

Some trials have xeoentiy been made in the Central Frorinces to eonsolidate the coal of 
fheWaima' o(dheryw—which Is of a vaty friable nature-^by means rioe and gum, &o. 

prCikatlmto of the stthsj^c^ rued were— 
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PA&T 4.3 n»gke»: fuel, 161) 

TIm foel 60 prepared ytaa tried «d * 4all, smooldeiiiiK manner, 

gave a bad wetding'beat, and M^«gre«t -i||^ oCribdmr, An apugr proved it to contain. 
10^ per cent, of water and 22^ per oriri. of aab-’—M, amooat of naelen matter that could 
imt fail to retard oomlmatioB. 

Ajb a Mghly oi^if^nens snbatanoe, it mfg^t huTb been aOppo^ that. iAe additbn of 
nitrate of eoda wodd asrist oombosl^, but any idvahiage that .the prcs^im of this salt 
ongbt riraofetiGa&y to confer would be nehtraliscd by the beat lost m' evapemti^ the water 
that it absorba readily from the atmosphere. Four gndns are ecarbely an appreciable 
qnantaiy, and wonld'yirid only enongh oaygen to ei^ into combmation rritii less than one 
grain.of carbon.<e To be any theoretical vdne, it must be need in larger proportion than 
that ^van above. Bni the nap of nitrate of soda is, I think, questionable, on the ground of 
its deliquescent nature, unless a plan of rendering each lump of fuel thoroughly water* 
proof can be adopted. It must also affect the formation of clinker. 

Gum, whidh is one of tiie ingredients, has never been Inonght into practical tise in 
Europe osring to its price, and the same drenmstanoe will probably mutate against its 
employment in this oonntry. 

When a||rinaceoTuoemeiAiB emph^d^ it is usual to add some alum in order to 
etrengtiien it. The Diamond Fuel Cknnpany, which is now wraking Baricer’s process, use 
sulphate of alumina or ohbride of alumina in hydro^jhlorio add, in the proportion of one 
ounce to a gallon of solution of starch. Tar, or better still pitch in small piiopcartion, is also 
added in a small proportion to jmider the foet less liable and more wateivproo£ In the 
case of the Warora fuel, neither alum nor pitch was used. 

The Ddrjning dust coals approach in composition those of anthradtio regions, and will 
require a cement that does not consume in the fire more rapidily than the ootd, for it has 
been found that "if the a^lutinating material bums too briskly, the particles of coal 
having lost their adhesive coating crumble in the fire and fall through the grate unoonsamed.*^ 
Some dow'hurning farinaceous cement%ill probably be the best aubstimoe. On the subject 
of Diijfling coal, however; I refer the reader to the detuled report (ff Mr. Mallet, in the 
Memoirs of the Geological Survey, Yol. XI, which is now in the press. 

Attempts have been made to coke mixtuiM of anthracite mid bttnminona ooddost, but 
the ooke preriuoed could not bear handling^ it had no deusityl^d it was very porous, owing 
to the fact that the partidai of anthradte would not unite witii &e Htaminmis particles. 

• 

Putting duy adde as an agglutinating material for the reasem whidi baa already be<m 
given, the most easily proonrable cement in tiiis country is that under the of 

starch; bat tar or its derivatives possess properties which render them almost a neoessuy 
ingredient in most artificial fnela. ;' 

There is not a huge natieo supply of pitdi, but the Bengal Coal Company are oanying 
out experiments in a most spirited way to prove the yields of tar, pitch, dls, Ac., from their 
different coals; and the results will g^ve nsefbl Wa by which to estimate the ea^hility of 
Indian ooalatei a eaarce of supply. 

CAXiPUffA* Octeter 1874. 
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Mecafdt Me Qeo^gieal Survey of luMa. 

DOKAHONS 1!0 MU^UH. 


A woodeiitrayandawAtorsoooiviiwd ibe *Jalgans* or goH-wasIimv alfioortoor, IHianrar 
DifidiiciM PreBented by B. B. Foots» JS8<t. 

Two models of gold nuggets, weight ongihals ^ os. 6 dwts. and 1,717 oz. respectively. 
Resented by O. lliiUotVi Bap., Mdboume. 

Specimen shewing 'bcte' passing into amygdaloidal trap; from the Yindfayan Scarp, Holkar 
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Fbeliuinabt Notbb ok the GEoiioaY OF Ktttch, Westebk Ikoia, resulting from the 
examination of that district, now in progress, by the Officers of the Geological Survey, 
, by A. B. Wtnke, P. G. S., &c. 


The dotted examination of this province has been long looked forward to with interest, 
as promising to cast light upon the geology of other parts of India where fossil land 
plants simibr to some of those occurring in Katoh have been found to characterize an 
extensive group of rocks and are almost the only fossils which those rocks contain. 

These plants were known to be associated in Kutch with a large number of marine 
fostils, the Jurassic age of which was determinable, but the illations between the beds con¬ 
taining forms so distinct had still to be ascertained. 

With this view a hasty visit was made to the district of Kutch by Mr. W. T. Blanffird 
of the Geological Survey, in 1863, and the conclusions to which his observations led appeared 
in a short paper among the publications of the Survey. (Vol. VI, pt. 1.) 


Hxcept this copaparatively recent paper other sources of information regarding the jeolo^y 
of the countiy, prior to,the present investigations, were almost limited to a paper by Captain, 
since Major, Grant, read berore the GeologM^ Society of London in February, 1837; some 
remarks upon it by Dr. Garter in “ Geological Papers on Western India” published by the 
Bombay Government in 1867; a record of some fosws by Colonel Sykes (Geological S^iety, 
London), and an interesting notice in Sir Chas. Lyell's “ Principles of Geology," describing 
the effects of the .earthquake of 1819, the elevation of the “Allah Bund,” and submeigence 
of Sindree village on the Ruim, north of Lukput. ^ 

Of these Captain Grant’s paper is the most detailed, but while it contains many 
valuable facts, several of these seem to have been affected to distortion by geoli^oal theories, 
or views, which have vanished since he wrote, and also by a misappreciatioD of thaetratigra- 
phic arrangement of the rocks. The four or five-fold sub-division adopted by him, being 
natural, is correct, though the sequence was nustaken- 

t 

The Bocks cLAsansDJ 

The following may indicate the ultimate arrangement of the larger rook-gronpi^ aome of 
the newer ones b^g perhaps capable of further sub-division: ^ . 


f r Blown sand. 

Becekt AKD Sub-bscent ... < AUuvium,. 

CConmete. 
f Tertiary beds and 

Tbbtiabt ... Nummulitic do. 

, CSub-tmrtiaiy. 

Stratined traps and Intertrappean. • 
f TJppw Jurassic (P B^mahal.) 

"* CLower JuraMic (“ Do^gger," w Middle Jurassic.) 
■ Intrusive Traps. 


Jubassic 


[The sjrenite of Parhur-Huggur;' Ka&yur hill, Ac., at the north-east comer of the 
Bunn might 1^ added to the above as the neaiUt base known £ot the Jurassic rocks.] 
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Of these the two Jurassic groups appear to have been transposed by Captain Grant under 
tie of “ Older and Newer Secondary.” The traps were looked npon as almost solely 
in^sive masses; their interst/atiheation with aqueous beds being indicated at some places 
where association merely occurs, and at others where intrusion between stratified aqueous rocks 
tttkes place. 

Locauiy and Fbatdbes. 

The province of Kntch lies upon the srest coast of Hindustan, about 40p miles north-west 
of Bombay, between the sea-ports of Kurrachee and Surat, or the provinces of Kattywar 
and Sind. 

It is bordered on one side by the Arabian Sea and Gulf of Kutcb, while upon all othera it 
is isolated from the main land and the Thurr or little desert, by the grand and smaller 
Eunns which are connected at the eastern side of the province. Its length from east to west 
is much greater than its breadth,* and, including the Bunn, its area is estima^ as being 
equal to about half that of Ireland-f 

The whole province presents numerous alternations of hilly ^und and open plains, 
.sandy when covered by the detritus of the rapidly decomposing Jurassic rocks, and mo£e 
earthy when underlaid by the Tertiary formation, both passing, towards the southern coast, 
into broad alluvial plains of ordinaiy Indian aspect. 

The hills are perhaps as often elnsters as extended in the form of ranges, though these 
latter do occur; and more or less continuous escarpments rising with the outcrop of some of the 
stronger beds are very frequent. A broken chain passes nearly east and west throngh the 
Eunn islands of Pntchnm, Khnrreer and B41a to Ohorar, (in the former being flanked hy a 
smaller range):—another borders the Eunn on the north side of Kntch Proper:—one, called 
the Charwar range, runs east and west to the southward of Bhooj, the capital of the province: 
and there are lesser ranges in other parts of the district, with many clusters and isolated 
hills frequently conical in form. 

The hills of the Wagur or eastern side of the district, take no definite direction. They 
are the denuded remnants of what would have been a somewhat flattened and rolling dome 
shaped mass if their strata were continuous instead of having been extensively operated 
npon by denudation. 

There are no lofrjr elevations in Kuteh; that which is reputed to-be the highest, namely, 
Hhenodar hill, overlooking the Eunn on the western side of the province giving a measure¬ 
ment (by Aneroid) of but 1,070 fret above the Bunn; several others, however, have elevations 
not greatly less.^ 

Nearly all the ranges and many of the hills are steeply scarped on the north, and pass 
by gentle slopes into the plains to the sooth as a consequence of their structure, the beds in 
general having long southerly inclinations at low angles from th^ parallel lines of disturb¬ 
ance or dislocation which extend, Ist, from Patch urn Isle to Chorar; 2nd, from Lukpnt, along 
the south edge of the' Eunn, to Doodye towards Wagur; and 3rd, from near Boha to the neigh¬ 
bourhood of Butchao, passing at the northern foot of the Charwar hills. North of these 
lines, and. just in their vicinity, the beds are much contorted, &eir highest inclinations being 
always in a northerly direction. 

The trap hills, particularly those fotmed of intrusive traps, are frequently surrounded 
by precipices, or else sharply peaked -, an irregular range, however, formed of, or capped by, 
the bedded traps, running north-west from their broadest development in the Dora hms near 
the centre of the province out through its western half, follows the asnal rule presenting 
long slopes upon the dip and steep ones dong the ontorop of the beds. 

The northern side of the province, gmerally spiking, has much diversify of form, heit^ 
often picturesque, while, owing to the absence of jangle and prevalence of sand, its aspect is 
neverthelesB barrsui particalarlj when the view Hes across a parched and glaring plain edged 


* Aosordytng to Oaptdn Grant ’tto ntsenis lAftb i« about 180 nfloa, and extreme width 60. 
t ‘ KUich Seleetioni,' a colleot(gn of fsiMlra bf Vsiiou foitish OSolili, published by the Bombay Ooreroment. 

t Btace WitlhY the above, tbs helabt of a mqantaia ialhe Sons islsad’af Pnt(dutm bos been taken br Aneroid 
and found -to eocflNl by some hundreds of feet any elevation measured in 'Ki;ttCh Propet. Bbmodttr Mu ,1s not a 
voloano—sM pspsrby Mr. Blstilbrd, above mentioaMi 
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by I'ujyffed hills, beyond a brieht green patch with a few lonely palms, or other trees, nea r 
some vilWe where wheat is laboriously cmtiTated with tho aid of irrigation, and smoky clouds 
of sandy dust, raised by passing cat^ are driTen beibre the northerly blast, from which 
those working at the wells shelter themaelves by screens. 

The peculiar bare, level and extensive plain called the Bunn of Eutch is not a marsh, 
represented u{)un some maps. It is periodically covered by water dmiug the rains, and left 
dry, except a tew patches, shortly after they have ceased; when those lower portions on which 
the water has la^ the longest become strong^ inorusted with saltthis fte^uently extending 
as far as the eye can reach:—its dazzling surmoe flickering in the mirage, which magnifies or 
distorts any object that may happen to ho upon the horizon. The source of the salt is 
probably from sea water, this being said to overflow the Bunn, entering by the low ground 
at the mouth of the Koree river nmv Lukput, and also at the head of the Gulf of Kuicli, 
when the sea on the coast is raised by the continued south-westerly monsoon winds.* However 
this may be, the waters from Kutch itself are strongly impregnated with salt derived from 
the rocks, great quantities of which in solution must be carried out to the Kuun when¬ 
ever there is suflicient min to fill the rivers. 

Although the incrustatiou is not very thick, being generally from one to two and a half 
inches, the quantity occurring on the Bunn is enornious, and the way in which fish, insects 
and such organic remains brought in by the sea or down from the land by the Bunass and 
other rivers are preserved by the salt is evidence of the strength of the solution, if that were 
wanting. 

Notwithstanding that trac^ of marine 'denudation are slight and scarce along the 
southern shore of the Bunn,- having h<Jcn probably removed by subsequent atmospheric action- 
its whole aspect strongly suggests its being a gradually raised sea-bottom; a broad and 
slightly elevated tract called the Bunnec, lying along its southern side between Putchum 
Isle and Eutch Proper, being very [x>8sibly a bank or bar formed by the rivers which flow 
from the higher land in that direction. Over this ti'act coarse grass, a heathery looking tufted 
plant and imbul trees are irregularly distributed. 

Some of the results of the great earthquake by which this country was visited in 
are still to be seen in the fallen walls of several of the towns, in the “ Allah Bund,”t a low 
elevation, thrown up by it, which is said to have permanently arrested the southward flow of 
the water of the Koree or easteiti mouth of the Indus, and in the submerged village of 
Sindree on its left bank; part of the ruins of the foit only being visible above the mud, 
salt and water by wliich they are now surrounded, no other trace of the village remaining, 
and the basements of the building seen being buried in the silt. 

Tradition has it that this was formerly the site of a lai^e city surrounded by villages 
and fields, and to which the tidal ebb and flow reached: subsequently (from elevation of 
the laud probably) the river became so shoal that boats could not reacli the port; tbe 
city was in a great measu^ abandoned, and another Sindree built several miles further down 
tbe river at a place called Sindu on tbe map. Here t}]e same tiling recuried, and Sindu 
was deserted, a new city rising at Lukput, once an important place, but now consisting of 
a few houses in one end of the walled in enclosure. At present boats cannot come even 
so &r as this, and Lukpnt Bunder is at a distance of three or four fliiles, while tlio sea trade 
is conducted at Kotaisir close to the old mouth of the Koree river. How far the first paii 
of this statement may be true is involved in considerable uncertainty, but it is said there are 
reootds in the Dvftter at Bhooj which would prove the accuimy of some portions of it at 
all events. 

JuBASellC ROCKS. 

The Jurassic rocks occupy a large portion of the northern half of the province extend¬ 
ing through it almost from end to end, and also forming the hilly parts of the Bunn islands 
b^ore mentioned. The bold scarps and rugged hills exhibit num^os fine section^ showing 
plainly the struqtuFe of the country through whiob, notwithstanding repeated rolling undn- 
lations cf the beds and some very xnarkra anticlinal flexures, many recxirring southerly and 


* It does not appear to what extent this has hem proved, though £rom the aspect of pari of the coast. 
It seema Itheljr to be case. 

t Mouacl of Ood. 
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sotttlit-^estetly dips place the lowest beds along the north side of the district, except where 
a great &tilt coinciding with the northern foot of the Charwar range causes them to re*appear 
in its centre. 

These lower Jurassic beds consist mainly of gray, blue, red and black shales, thick ^d 
thin light^loored sandstones and hard siiicious dags, with some more calcareous varieties, 
and in some places quantities of dun>colored and gray compact earihy or sandy limestone. 
Palc*purplo sandstones and some highly ferruginous bands also occur, the whole presenting 
so many varieties of color and kind wat ita general lithological aspect' is saen to difier &x>m 
that of the uppermost Jurassic rooks, sufficiently to warrant an attempt at sub-division, 
only by regarding the group as a mass and leaving details aside. The passage from the 
lower beds to the upper is so gradual that no very definite boundary can be assigned between 
thorn. Still there is a difference at the extreme ends of the series which would at once 
prevent their being mistaken for each other, and which, it is supposed, led to their separation 
into two groups by Captain Grant. 

Owing to the numerous faults, undulations and the general lowness of their dip, the 
thickness of this great series of Jurassic rocks is difficult to determine with accuracy, but it 
has been assumed, from observationB in the part of the district lying eastward of Bhooj, to 
roach fimn 4,000 to 6,000 feet, of which measured sections of over 2,000 feet have been 
made in the lower portion of the group; and there is no reason to suppose its aggregate 
thickness to be less in the western side of the province- Throughout tins large accumula¬ 
tion of strata there is a marked absence of regular zones, indicating successive stages of 
deposition, and while in such an assemblage of coarse sandstones and muddy shales with 
frequent conglomeritic bods much constancy of lateral extension might not be looked for, 
and marks of succeeding zones be probably obscure or absent, no want of material seems to 
have existed to supply new or similar layers for those which may have died out. The whole 
formation, particularly in its upper beds, maintains the same characteristics of obliquely 
laminated strata attomating with finer and more parallel deposits, all of richly varying tints, 
from black to white, blue, rwl, orange, brown and gra3% and sometimes green with a peculiar 
golden oolite among the lower rocks which glistens like avanturiue. 

The lower beds on weathering take frequently a rusty color, and dull olive tints arc com¬ 
mon, while, where the beds are highly calcareous, a whole mountain formed of them with 
ronnded outlines and a whitish hue in sunshine looks cool, and in cloudy weather as gray 
as any granite hill. Thick bauds of a warm orange sandy limestone with some red beds 
occur also in the lower rocks, and many of their shales are gypseous. 

The upper beds are marked by a predominance of clean white gi-avelly sandstone with 
some blackish ferruginous bands and white or lavender-gray, sometimes highly carbonaceous, 
shale. Between these and the lower beds alternations of almost every vaa'iety of rock in 
the formation occur, ranging through a vertical space equalling a third of the total thickness 
if not nioi'c. Many of the beds in both gi-oups arc strongly saline.^ 

The lowest beds are much the most fossiliferous, and the remains are chiefly marine, 
including Ammonites, Pleurotomaria, Ostrea, Trigonia, Cucullem, Corhula, Gryphaa, 
Modiula, Terehratula, and numbers of other bividvcs, jEchinida, Crinoide, Corals, Belemnites, 
fish teeth, reptilian bones,’and fossil wood. 

In one certain arid one or two doubtful instances some of the upper beds of this lower 
and marine series were found to contain impressions of (terrestrial) Zamiee in shaly bands inter¬ 
posed between the marhie shell-bearing beds. Buriug the examination of Eastern £utch, 
the most exhaustive seaixh that could be made failed to find any thing among the upper 
rocks except these 2kimuB and a few other terrestrial plants, but in the west, in a few cases, 
some marine fossils have been obtained from single beds occurring amongst unfoSsiliferous 
strata of the upper portion of the rooks, but still ImIow the uppermost (white) beds seen. 

This alternation or intercalation of the marine and freshwater beds (presuming those 
co&tunhig 2iamies to l>e of purely freshwater deposition) being one of the joints to which 
attentioD was specdidly directed, it is satisfectory to have so far ascertained the feet after 
many zuontbs of close searife, even though such alternation appears to be much more limi^ 
than was snpposed, unless it is4:aken for granted that the numerous fr'aepuentary grass-like 
plant remains , so common iti the shales and flaggy sandstones throughout the formation 
are of i^shwater deposition also. Many of these have been searched over and over again 



PART 3.] 


55 


Geology of Kuiekf Western India. 

without a trace of a Zamia leaf being fonnd, and Uiere seems to be no more reason for snppos* 
ing them freshwater than some ottwr be^ in whidi ammonites occsur lying among a. mass of 
vegetable remains, tlie woody fibre of which is generally distinguishable, though oiten 
obhterated by carbonisation. 

Such intimate association of the ZamicB with marine forms has not, it is true, been dis¬ 
covered, but nevertheless it may not be nnreasmiable to suppose that these plants were lloated 
out from land, and deposited by the sea at depths nnsnitea to the marine life of the period or 
at localities where this was from other pauses absent. As Mr. Blanford has observed in the 
paper above mentioned,' no sadden change in the rocks nor any unconformity has been found 
to mark the transition from a salt to a freshwater period; ’ and while it is evident that land 
plants may be carried out to sea, though marine organisms cannot so i^adily find their way 
mto freshwater deposits, it is easier to believe that the whole of those salt Jurassic rooks 
are of marine origin than that repeated alternation of fresh and salt water beds takes place 
without any marked difference of character or aspect occurring in the rooks. 

It may also be observed that though there are but few evidently marine beds, and these 
not immeaiately associated with Zamia-bearing rocks in the apper part of the Jurassics 
seen, still these Zamia beds contain plants only, no freshwater shells, fish, nor animal remains 
occurring to contest the possibility of the containing rocks being of marine or perhaps 
estuarine fomatiou. 

Great as is the thickness of the Jurassic beds, it is that only of a portion of the group 
the base of which is not visible, and the upper beds being uncoiiformably overlapped by tb($ 
Bedded Trap, they may continue to increase in quantity beneath the latter much further than 
they can be observed. There are, however, some appearances, along their uppermost boundary, 
which may be slight indications that the Jurassic^ period was drawing to a close, and that, 
the deposition of rooks much resembling some of their upper beds ushered in the commence¬ 
ment of the succeeding nnconformable tertiary group in those places at least where this 
succession was not interrupted by the accumulation of the intervening Bedded Trap. 

Tbafs. 

By far the largest part of the trap rocks is referrible beyond a. doubt to the 
same period as the vast stratified accumulation known as the Deccan Traps. Some of the 
lowest flows arc very tliick, presenting few or no traces of bedding for more than 100 feet, 
but further up this is as plain as all the other appearances, such as b^s of lud bole, altema- 
iions of aniygdaluidal ana columnar basaltic flows, presence of zeolites, and so forth, which 
characterise the formation elsewhere. The trap is sometimes magnetic, and among its lower 
beds ashy sandstone or calcareous bands occasionally exist. In one place near its local 
base an iuterstratified bed of friable red sandstone 30 feet in thickness was observed, and in 
another a small lenticular deposit of intertrappean calcareous rock containing small fish 
scales.* 

The flows or beds have a low steady southerly or south-westerly inclination, forming a 
wide hilly belt through the centre of more than the western half of the province, but their 
deposition does not seem to have extended to the place occupied by the eastern extremity of 
the district- The thickness of this formation is much less than usual, being estimate at 
about 2,500 feet. 

An obscure group of earthy sandstones formed lai^ly of trappean materials, often 
indistinctly bedded and containing woody plant impressions, occurs in several places, having 
but indefinite relations to the lower part of the Bedded Traps, but resting quite uncon- 
formablv on the Jurassic rocks and often riosefr associated with masses of intrusive trap near 
whi(^ also white sandstone is often strongly columnar. 

Tha iniruMve iraps —occur chiefly in the Jurassic area, and probably mark some of the 
places from which those just mentioned issued. 

Th^ consist generally of augitic or basaltic traps varying in color (different black and 
grayish hnes), and in textoe from a dose ctunpsct rock to one cosr^y crystalline, the crystals 
of glassy felspar being interlaced, and the dee^y weathered soft lignt-colored surface taking 

* Within the last few days infennation has bean ohtaineil of the dlseAverr by Ur. Fedden of intertrappean beds, 
eontainina PSym Prin*«pii, in the western extension of the trappean formation, fhmiBhinfr still further proof of 
the identity of these with the Deccan Traps- 
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much the appearance of a syenite in similar condition. Fine mnddy-looking or ashy trap, 
weathering to an olive-green minately divided detritus, is another variety. Some of the 
dykes, &e., are of fine-grained pnrple colored trap, with white steatitic specks, a soft eaiihy 
or lava-like texture, are much less dense than the varieties abovementioned, and are some¬ 
times salt to the taste. " ^ 

With_ regard to the manner in which dl tiiiese intrusive traps occur, nothing could well be 
more varied: dykes ^ jMrtioularly numerous in some localities; they also occur in 
faults, while local intrimions form hills projecting from the plains and Jurassic broken ground, 
like Imots in decaying wood. In such oases, their outUnes are either coni^ or combinations of 
this with steeply scarped forms. Some intrusions range through ihe country for many miles, 
presenting the most irregnlar lines both in plan and elevation, catting across the aqueous 
strata, including large masses, hitruded betwe^ them or forming hills mther capped or under¬ 
laid by the Jurassic beds, or both one and the other, these being altered by the contact into 
various kinds of poroelainous or quartzitic rook, while one case occurs w^re a whole stream 
^ section of the aqueous rocks seems to pass by gradual intensity of alteration into solid trap 
* in which planes resembling the original bedding can be traced for some distance as if the 
strata had been melted in situ, no marked diflerence of texture however existing in the trap, 
although the stratified rocks consist of alternations of calcareous sandy and thin shaly 
hands.* 

Other instances occur in which sandstone seems to have been completely melted and 
taken up by these traps; the matrix having yielded first and the quartz fragments and grains 
gradually becoming more s^arated and disappearing until they ai-e quite lost at aVexy short 
distance in the dark trap. This can be seen m hand specimens. 

Generally speaking, these large intrusions have an intricacy of arrangement forming a 
tangle which defies all effort at accurate representation upon a map of small scale, and some¬ 
times their basaltic trap is so magnetic as to deprive compass bearings taken from these 
points of any value, the variation being of inconstimt amount. 

SUB-TEBTIABT (JBOUP.t 

As already stated, the Jurassics or Dogger beds of Kuteb, consisting of a calcareous or 
sandy and shaly marine series below, passes upwards into alternations of more tep-uginous 
and more purely argillaceous and arenaceous beds,—in which land fossils (Zamiai, Ferns, &c.) 
are either rare or locally numerous,-—these forming what are at present considered an 
upper member of the same group. At some period subsequent to the Jurassic, not clearly 
marked, but ai^auig from local as weU as distant sources of information (in the Deccan and 
at Bombay), probably an early Tertiary one, the volcanic activity which produced the Bedded 
Traps came into operation.. Observ^ons here only show that traps were extensively in- 
trn^d throtmh the Jurassic rocks, and that other traps, very probably connected with these 
as centres or eruption, constitute a thick series resting with marked unconformity upon theso 
Jurassic strata. 

But overlying the Bedded Traps and, where these are absent, the rocks upon which they 
rest, is a marked band of most peculiar aspect, having, in cont^ with these traps, a very 
volcanic appearance, but one entirely different from theirs. Its predominant colors are deep 
red and pure white, but it is finely varied with purple, orange, greenish, brown and black 
or blue tints, even brighter and more strongly contrasted than those of the Jurassic beds. 
Its lowest stratum in junotion with tko uppermost of the trappean flows is a corioasly 
mixed and mottled one, brecciated> conoretio^y on a lai^ scale, in places contoining 
small white quartz grains, but generaUj consisting of a pore ohalk-white or variegated 
purple and lavender, unctuous, argOlaoeOus, rock occasionally saline and speckled with white 
kaolin patches, giving it the wpeauunce of an amygdaloid, sometimes to such a d%ree that 
it becomes undistinguishable ^m the pifrple trap found in several dykes among the Jurassic 
rocks. 


* ThiapMssBesiitWHeof itrKUfladintolntntsive amonhoiu rack li so raj peoallsr that it mqr perhaps 
be deowtive. A place where the altemtion of the beds ceaeed laterally and the trap might be aaid to ooinmanoe was 
Moglit tor ia nda, asd the lines which may he, or at least aimalate. oripaal stratifleation apparently condnoons with 
of toeanjdtercd bedded rock oc^ to be traceable beyond afew yards into the trap. 


f ^»-|Uuas 9ob-Tertiary osed ihne is only pravtoonaL An eumination of the foeeils will probably cause it to 
be iutaind Iw aoi^Sr. It merely means that the beds are below the highly foasilitbrous Nwnmafltia and other 
TertCary beds thoagb above the Btdded Traps the Intertrappean beds a midi arC believed to be Lower 
Te^ary Age. 
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Along the line of junction with the underlying Bedded Traps their upponnost layer is 
very commonly a greenish amygdaloid, also more or less generally concretionary, rusty or 
decomposed looking; instances occurring in which the concretions of the mottled rock have 
been found to exhibit an apparent passage towar^ their cenlares from one variety to the 
oAer, the cores being formed of rusty amyj^aloid quite similar to that beneath. In other 
rases the lowest stratum of the mottled series or uppermost one of the trap is a pale green¬ 
ish eaiiiiY trappean looking rock, not quite so conoretionaty as usual, with much of the 
external character of the mottled breccia, but containing yellowish green steatitic amygdala. 
Where these sub-tertiaiy beds rest on the Jurassic rocks the pecuuar brecciated white bed is 
seldom strongly developed, but still is frequently present. 

This breccia passes upwards within greater or less distance, as the bed is thick or thin, 
into gnarled and ponderous laterite of various red, black, brown and purple tints, either brec- 
dated or of the btick-like character so well known elsewhere.* Its junction with the white 
rook below often shows rough stalactitic looking masses of the laterite vertically penetrating 
the lower bed all idong the line of contact as if infiltrated from above. In the same group 
are other bands of laterite and some very coarse obliquely laminated wliite quartzose and 
ferruginous sandstone contmning much of the white earth distingpiishing the lower layer. 
Assorted with these, but not ^ways nwn the same horizon exactly, are diul purple, brown 
and black, in some places highty carbonaceous, gypseous or pyritous shales containing 
numerous impressions of large and small exogenous and endogenous leaves. These occur also 
in fine flaggy pale lavender or white beds of the same group, but of uncertain place. 

Apparently among gyproous reddish shales of this group a thin band was found to 
contain FascMaria, Area, ^ueula, Cgprina and Venus, which are not, hbwever, in such a 
state of preservation as to warrant more than an opinion at present that they may be of 
either cretaceous or eocene age, while some bones of large reptiles, including part of a skull, 
have been found in very nmilar shales and on what seems to be very nearly the same 
horizon. 

Close above these some brovro flaggy sandstones containing a few shark’s teeth and shells 
and occasional beds of earthy orange mudstone begin to appear, and indicate the approach to 
others amending in tertiary fossils. 

The thickness of this group (the ‘ Red —^ New Red-san^tone’ pf Grant) varies much, from 
a mere band consisting of a few Ws or only one, to a maximum, in some places, of between 
two and three hunted feet. Until the fossils have been exiwined, it is obviously difficult to 
say how much of this group may be of Tertiary age, if indeed it be not entirely so. It 
forms a marked basement to that series however, and where jt rests upon the Jurassics without 
the intervening trap, its junction very commonly appears quite conformable, the line, however, 
being almost impossible to see when the gypseous shales of the one group overlie those of the 
other. 

TbBTIAST FOKMATIOK. 

As the Tertiary rocks are still undergoing examination, they can be but slightly noticed 
here, although they form a large and impor^t feature in the geology of Eutch. 

Their prindpal development takes place in the southern half of the western side of 
the district, where they form wide rolling pliuns under which the beds undulate, wrapping 
round ^e western termination of the Jurassic and Trap formations, and appearing at intervals 
along the southern shore of the Runn, on the mar^n of at least one of its islands, and 
at a Tew spots in tlie eastern portion of the province. 

They consist, as a maas> of rubhty shales interstratified with yellow mudstone bands, 
and beds of sand or sandstone. Occasionally the ^ks berome sufficiently calcareous 
to be limestone, and most of those containing fossils are highly so—an agglomeration 
of shell-oasts in an earthy or sandy oalcareous matm. 

Arwong the lower beds oysters and turritella are particolarly numerous, whole beds 
bmng fon^ of the latter, and a flat echktxs (dj^eatter), beiqg very oommon. 


* At is isstem Ktttdh the tetartteb ssaeoistad wftii ^osatttlM of j^tes both t« iMi and loft 

in a thick lamr br its iroath«dB(r doim, aWongfr notiUnir the spposnuioe of oome veiy oinflu srotud 
simllorly litn^ed near the base of the tertiary rocka in Ghuerat. 
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At a short distance above the base of the formation, on an average not more and often 
greatly less than 200 feet vertically, are soft and harder white calcareous beds crowded with 
nummulitea and fa^doUtea, the former of several kinds, and associated with them are 
numerous echini, bivalves, <bc. 

The Nummulitic beds are generally nearly horizontal: they produce ground of singularly 
barren aspect, reminding one of the Egyptian desert, the white nummulites weathered 
out lying thickly upon the sui'&ce in place of soil, and from their abounding in that neighbour¬ 
hood being callra by the native Lukput pdsa. 

For several miles eastward of Lukput, along the edgpe of the Bunn, these rocks are 
brought against the Jurassics by a fault, and having followed the low ground round the 
western limits of Kutoh they disappear for a considerable space in the countiy north and 
north by east of Jackow, but set in again in the low lands fuller east. 

In other parts of the low country, unoccupied by the Nummulitic group, highly fossili- 
ferous tertiary rocks abound, oontaimng a large number and great variety of genera, iuclud* 
ing turriUlla, oatrea, conua, J\t8na, voluta, atrombua, natica, trochua, oliva, caaaia, cerithmm, 
acalarium, cypreea, halhnua, peetem clgpeaater, cidarU, —of Crustacea, some well pre¬ 
served crabs, Asides large bones and great molar teeth, and very many other interesting 
fossils, complete lists of which it is hoped will hereafter appear. 

The thickness of these rooks is not yet sufficiently clear to be stated, but is considerable, 
probably exceeding 500 or from that to 800 feet. 

It seems most likely that these Tertiary beds have been depwited in shallow water 
under shore conditions and subject to causes producing ^eat irregularity of deposition. The 
occurrence of leaf beds in the group repeats the case of the Jurassic beds with regard to the 
alternation of fresh and salt water periods, .imd among the upper beds the predominance of 
sands almost devoid of organic remains indicates a different state of things from that under 
which the highly fossiliferous strata accumulated. 

Post-Tebtiart. 

« 

In several places a coarse concrete is found containing numerous fossil oysters, generally 
of large size. It appears to rest unconformably upon the Tertiay rocks, and may 1» i' 
old member of the coast series or “ littoral concrete” of Western India. 

Other post-tertiary and Bupei*ficial deposits, such as alluvium, blown sand, river concrete, 
and a rock much resembling the latter, found high ujmn the uanks of many of the hills, 
have merely to be mentioned, their occurrence here being in all respects similar to that 
in other lo^ities. _ 


Coal is often mentioned as occurring in Kuteh. Carbonaceous shales have been met with 
in several places both in the Jurassic and Terti^ rocks, but chiefly in the former, and 
these sometimes contain layers of bright coal. This is usually very tmn, forming but small 
parts of the bands quite too limited in thickness and extent (so far as known) to repay the 
cost of working. 

The largest layer, opened upon formerly at the village of Trombow, north-north-east of 
Bhooj, is now conceal^ by the workings having fallen in. 

Alum is extracted in considerable quantities from the sub-tertiary shales of Western 
Kutch. 

Iron used to be made in various parts of the province, but the manufacture has ceased 
in consequence of the facility with which Foreign iron can be obtained. 


In conclusion, it remains only to be stated that several points of interest neceraarily 
pa siind over in this luwty sketch have been reserved for subsequent consideration in the 
report to accompany the map, data for which ate still being collected. 

Amongst these are some fieude tending to ^ord further proof of the association of 
aqueous depoaita with the eariiltet beda of the Stratified Trap, and also indications that their 
i^heat flows or beds were not much older than the lowest Tertiary rooks, if indeed some of 
them were not contemporaneous. 
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The occarrenoe here of the persistent and well>marked band of laterite and its associ¬ 
ated white day or steatitic breccia, passing oonfmrmably upwards into the Tertiary beds, and 
less reralarly, but ^ still with an appearance d transition, into some of the bedded traps 
below, thoogn differing from certain of the facts observed in the country north-east of Surat., 
may possibly modify some of the condusions with regard to the more obscure occurrence 
of the same three groups, ». e., the bedded traps, lateriric beds, and Tertiary rocks of 
Guzerat, or may, at least, confirm the impression of the volcanic activity which produced 
the bedded traps dating from early Tertiary times. 

If, in the absence of fossils, lithological similarity be admitted as evidence, it may be 
possible that some of the white felspathic sandstones, considered os Upper Jurassic, overiying 
the 2iamia-bed8 of Kutch, may represent some of the freq^uently similar looking Mahadeva 
or B&gh beds of Central India and the Nerbudda Valley. 

The evidence for a Jurassic age comes chiefly from the lower part of the series, which 
is certainly marine so far, and the occuri'ence therein of a band of shale contaiuing Zamite 
may bear the explanation before suggested, but at present the discussion of those points is 
almost premature. 

April, 1869. 


Much interest liaving been excited in the history of the Nicobar Islands, which have 
recently been taken possession of in the name of Her Majesty the Queen of England, 1 have 
thought it desirable to print here a brief summary of all that is known regarding their 
gcologictd structure. This could most effectively be done, by giving a translation of the 
reports of Dr. P. v. Hochstetter, who accompanied the Ausman ‘ Novara’ expedition as 
geologist. Dr. Stoliezka, long a colleague and friend of Hochstetter’s, has translated this 
report. The geological portion is given nearly at full. The part relating to the vegetation 
and its connection with the soils, however interesting to those who have never seen a tropical 
vegetation, contains little that would be new to residents in this country; and only a few 
extracts are given. A few remarks on springs and temperature conclude the paper. 

The geology of the Nicobars has many points of the highest interest to the Indian geo¬ 
logist, as bearing on the structure of the adjoining Andamans, and the contanuatiou of tbo 
same features into Burmah and northwards, on which connection some information will be 
given in future numbers. T. O. 


OoNTBIBUTIONS to the GKOLOftY ANB PHYSICAL GEOUSAPHY OF THE NiCOBAE ISLANDS, 
hy De. P. von liocHSTETTEH, (translated hy Db. P. Stoliczxa, from the “ Voyage 
of the Austrian Frigate Nova BA round the world in Geological part, 

2nd vol., pp. 83-112. Tl.enna, 1866). 

The Nicobar islands (PI. 3.) belong to an area of elevation which can be traced from the 
Bay of Bengal far into the southern seas. Beginning under the 18th degree north latitude in 
the group of the Cheduba and Beguain island on the coast of Arracan, passing through tlte 
Andamans and Nicobars, then continuing through Java, Sumatra, and the soath*wostoru 
poup of the Sunda islands, this line of elevation bends in an oblique S-form through 
New Guinea, to tiie north of the Australian continent, and forms in New Ireland, the 
Solomon Islands, New Hebrides and New Zealand a curve, concave towards theweet, the small 
group of the M^uarie iriands being possibly considered as the extreme southern end of 
this curve. Winding from the northern into the southern hemisphere through 70 degrees of 
latitude, this line, or area, is characterized as one of elevation by two ph^mena, totally 
different in tbeir nature, but nevertbeless equally grand, and in certain, rein^ts related to each 
otiier. These phenomena are, first, the actmly of the interior of the earth, ahowi^ itself in 
the volcanic action; and secondly, the activity of the coralline animals,disdosing.itsolf in the 
formation of that kind of coral reefe whi^ Darwin has distinguished from the barrier or 
lagoon reefe under the name of fringing or coast reefs. 

Both phenomena, the volcanic action with its elevate^ power, and the fomation of 
roast reefs, are, in certain respects, related to each other, as has been placed beyond a doubt 
by Darwin’s observations, althougb both do not appear together ^ong dl parts of this area. 
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In the soutljorn cxtra-tinpical latitudes, where coralline life does not exist on that large scale, 
the volcanic action is the only marked one, and equally so in tropical latitudes to the north of 
the equator,—where that action is locally wanting,—the peculiar formation of coral reefs must 
he considered as the principal alignment for the continuation of tliis line of elevation. This 
is the case at the Nicobar islands. 

These islands occupy a gap without volcanoes, between the volcanic range of Sumatra, 
and the Barren and Narcondam islands, which lie to the east of the Andamans. 

Whatever may be hidden in the interior of the Nicobar islands, covered with perfectly 
imiKoietrahle primeval forests and grassy plains, the occurrence of younger volcanic rocks is 
the least pinbubhi. Although I have found on the porth side of Car-Nicobar, the nortbern- 
jiiost of the islands, two pieces of a porous hasmtic rock, the size of a man’s liand, in a 
coarse gravel in the forest near the village Mus, and a larger angular fragment in the coral 
sand on the strand near the village Saui, still there is more reason to believe that these 
fragments wore transported to the coast of Car-Nicobar in the roots of stranded trees,* 
or even that they were remains from the travelling bags of the Danish naturalists of the 
Corvette GttlalJim ,—who in 184.G, shortly before they landed on Car-Nicobar, visited the 
volcanic Barren island,—than that they came from the interior of the island. 1 have in 
vain searched j'or similar ])ieccs in the stream-and river-gravels of Car-Nicobar, and 1 
Lave not met with them on any of the other islands on which we landed. 

On the other hand, the Nicobar islands are distinctly characterized as a portion of the 
chain of oceanic elevations, which began in former geological periods and still continues, by 
1 he upheaved coral banks and by the continuous formation of coral reefs, which slowly, but 
in the course of hundreds and thousands of years perceptibly, enlai^e the territoiy of the 
i.sliiuds. 

Tlie Austral-Asiatic area of elevation, above indicated in its entire extent, has in the 
Nicobars a mean direction to nortL-20°-wcst or from south-south-cast to north-north-west, 
possc.ssinga leiigth of 148 Engl. (—37 Ger. gcogr.) miles, and a width of 10 Engl. (—4gcogr.) 
miles. This direction indicates at the .same time the strike of the strata on all the islands, 
while the dip is cilhcT towards oast or west. The synclinals and anticlinals in the geological 
structure of the i.slands arc thus coincid(*nl with the direction of the great geological line of 
elevation which oonnccls the northern point of Sumatra with the group of the Andaman 
islands. 

The tf»tal area of all the islands is calculated to he 33 to 34 Gennan (geogr.) squai'c 
miles (equal to about 528—544 Engl.). 

1 .—Geological JFonnations. 

To render pro])erly intelligible the results which will he given in the following pages, I 
may l>c permitted to make a few preliminary remarks. 

It is at present extremely difficult to make any detailed geological ohseiwations on 
the Nicobar islands. One is limited to the sea coa.st, as impenetrablt! forests and grassy 
})Iains make the interior of the islands perfectly inaccessible and hide the rocks. On 
the northern smaller island, this circumstance is of less importance, because the extent of 
the rocks through the whole island can easily lx; ascertained, as soon as it is possible to 
observe them on two ojiposite sides of the coast in the same stratigraphical relation. The 
case is ditferent with the southern larger islands. Sambelong or Great Nicobar has an 
area of \*I\ geographical square miles, and is largei' than all the other islands put together; 
it offers in the mountain ranges (rising up to 2,000 feet), and deep valleys, such a variety 
in the cemfiguration of the ground, that it is impossible to suppose that what is to be 
seen on one or the other point at the coast should be characteristic for the whole island. 
The mouths of rivers heiiig generally occupied by mangrove swamps, it is even impossible 
to come to any conclusions from gravels as to f.he rpek which is to be found in the interior. 
But even on the coast (heie are great obstaides to geological investigation. Wierevcr the 
inquiring eye of the geologist observes promising clifre, there breakers make it generally 
impossible to land, and wlieru landing can be effected, we usually meet only a flat coast. 

• CJiawis'^o lli" O-'-i-voW of stones in the roots of stranded troos on tlic JUdek group, and Darwin given 

a 4milar esauipleIrgm the Ivieiius i^iatuls- (Darwiu's natural Uistor; travels, part II, p- 24Z)- 
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Tims one is limited in his obsorvatious to the few }K)ints, wheve during low waior it boi-oiiwN 
practicable to reach from the sandy shore some rocky proraontery ; and even under Uio 
Ixist cii’cumstaiices I was always restricted to that pait of the coast on which the frigate 
anchored, for no amount of promises and oilers could induce the natives to undertake longer 
trips with their canoes, neither was it possible to obtain a boat from the frigate at my 
disposal. I hope that other geologists, who may in future visit these islands, will he more 
successful in this respect. 

My observations were thijrelbre confined to the following places 

1. North-western coast of Car-Nicobar. —A low precipitous coast accessible along 
its entire extent. Thick clay beds, with some more solid strata ol'^andstone, containing 
Jihicoids, are on this coast overlaid by npheaved coral hanks (coral Wnglomerate and coral 
sandstone); these are in some places stiU in direct communication with living coast reefs. 

2. Southern Jiaif of Car-Nioohar. —Flat coral ground with fringing reefs, and at 
the breakers banks of a recent sandstone. 

3. Novara Bay on the west coast of Till any chong. —Pi*ecipitonsly rising clifis of 
scrjientine and gabbro conglomerate; at the breakers’ coast reefs. 

4. Channel between Camorta and Nancowry, or the Nancoiory JTaven.—-A deep 
(ransvorse cleft through yellow clay^-marls containing magnesia, alternating with beds of ser¬ 
pentine and gahhro traps, and pierced through by serpeutine and gabbro. A long stretching 
coral reef formation exists in the channel, hut coral ground is vtiry limited. 

5. The small islaiuhs Trice and Track, north of Little Nicobar-, precipitously 
npheaved; clayey sandstone beds with imbedded pieces of bituminous brown coal; coral and 
conglomerate banks and fringing reefs- 

6. Fiilo Milu, —A small island on the north side of Little Nicobar, consisting of 
strongly raised sandstone beds, with flat coral ground, fresh water allnviiun, and fringing 
r»:efs round the whole island. 

7. Island Koudul m the north side of Great iVicoiar.—Sandstone, sandy slates, 
and Ix^ds of clay-marl alternating with each other, flat coral ground of very limited extent, 
fresh water alluvium, and fringing reefs. 

8. A small hay on the northern coast of Great Nicobar. —Sandstone hills, salt-and 
brackish-water swamps. 

9. East side of the southern bay (Galathea Bay) of Great Nicobar, in which 
flows the Galathea river; sandstone mountains; flat coral ground, coral and ccm^lomcrate 
formation at the level of the breakers, fringing reefs; pebbles of bituminous coal ori%he strand, 

These places are, with tho exception of Car-Nicobar, the same as were seen by the 
Danish geologist Dr. Rink, accompanying tho expedition of the Danish Corvette Galathea 
in 1840, and wore, beside many others in tho Archipelago, visited hy him during a stay 
of four months, described in a special work.* 

As to scientific iiiipiiry, I left the Nicobars quite uuaa,tisfied iu spite of the comparatively 
long time of one month which wo spent in their waters ; 1 know wyll how little niy own obser¬ 
vations increase the geological knowledge of the islands, for which we are indithtud to J)r. llink ; 
for just the grandest objects, the islands Terressa, Little and Great Nicobar remained 
for me totally a terra incognita. But J am conscious to have done ev(*ry thing that it was 
possible to do under tho circumstances, and in this point of view the few observations I can 
offer must he criticised. 

Car-Nicobar is a low island, the average height of which above the lex'cl of the sea 
amounts to llbout 45 feet; only two ridges, which may be from 180 to 2(X1 feet high, rise in 
tho interior above the forest covering nearly the whole island. The west, south, and east, 
coasts are flat and sandy, and the north-west and south-east monsoons accumulate upon 
them gradually higher and higher fragments of corals and shells, which pass over the 
frinmng reefs surrounding the whole island. The south coast is in part swampy, only the 
northern or rather the north-western coast, fontiing the shore of the bay of Saui, is precipiteus, 
allowing a view of the geulogpcal structure of the island; the section of this coast is given 

Die Nikubarischen Inseln, eiue geographioche Skiaze, mlt specieller Beiuchsichtigung dtt Geognotie, 
Kupenbageu, IS-l?. (The Nieobar islauds, a geographical sketch with special reference to geology;. 
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in tbe aketch PI. 4. Pig. \,-—^asiern shore of the Bag of Saui. 1, Loose coral and shell- 
sand : 2, Dead coral-banks: 3, Indurated rock-beds of dead corals and shell-sand: 4, Plas¬ 
tic-clay with bands of sandstone.— 

The eastern shore of tbe bay gradually rises from north towards south up to a height of 
about 60 feet, and includes two small latem bays in which massive banks of 
out below upheaved coral banks which form the projecting corners of the cliff. It is very 
characteristic that the boundary (ff the calcareous and day strata on the surface of the coast 
terrace is at the same time a shm^ limit of vegetation^ inasmuch as on the clayey ground the 
cocoa-palm is r^laced by Bandanus, Casitarina and grass, forming locally quite extensive 
grassy plains. The clay deposits, without aivy distinct stratification, show a cubical deavage. 
The prevailing color#) light-gray, only sin^e bands are darker colored, others are ferru¬ 
ginous, contajning numerous day-ironstone nodules. The day is a little calcareous, effer¬ 
vescing with acids. In the southern latwal bay also appears bdween the clay beds a 
more solid stratum from two to three feet thick, and from its* projecting part lar^r 
and smaller plates are broken off. On one of these plates I observed the impression 
of a large species of Fueus (Chondrites Nikoharensis, Hochst.) The strike of the strata 
is from south-south-east to north-north-west in both bays, the greatest thickness observable 
in the strata amounts to 20 or 30 feet. This day deposit on the northern coast of Car- 
Nicobar is characterised as a marine formation by the numerous Foramin\fera which it 
contains, but I did not succeed in finding aqy reoomizable remains of Mollnsca, except 
indistinct and badly preserved bivalves (Peleeypoda)^ 

Farther towards the south, the day beds again sink under the level of the sea, and in their 
place again appear .coral banks, the precipitous coast becoming constantly higher, but at the 
same time gradually more inaccessible. On this coast the sea has washed out deep hollows, 
and the coral-banks are overlaid by massive banks of a white rock consisting of shell and coral 
sand, and being rather soft on the weathered surface. On the Areca river, in the innermost 
corner of the My of Saui, the plateau of about 60 feet rapidly terminates with a fault, and 
the southern shore of the bay only exhibits a flat sandy strand richly overgrown with cocoa 
trees, being at the same time thickly populated. Judging from a few lumps in the 
gravel which I found on the northern as well as on the southern wide, I conclude that there 
is somewhere in the interior of tbe island a gray fine-grained sandstone with little fiakes 
of white mica and also a compact limestone in situ. The natives use the sandstone from the 
gravels as grinding stones. 

Batty Malve is a small rocky island with precipitous shores all round. It rises on the 
south-eastern and eastern side in two terraces to about 160 feet. On the western and north¬ 
western side, it runs into a low flat cliff; judging from a distance of two or three nautical 
miles—we did not come nearer—the island is inaccessible. The extreme shore seemed to be 
covered with grass only, the interior was a low jungle, the crown of cocoa-palm bein^ here 
and there visible at its margin. Only opposite Car-Nicobar can the island ^ve an 
impression of a “ relatively bare rock,” as Steen Billet says.—The rocks to be found on the 
island are most probably the same as those of Car-Nicobar. 

Tt^fanocAon^, situated opposite Car-Nicobar, is a narrow mountainous island with 
precipitous cliffs, stretching from north-west towards south-east; it consists of two ragged 
mountain ranges separated by a depression of only 30 feet in depth. "Where, on the south-east 
side, botii ranges meet, a deep bj^ is formed, which daring the north-west monsoon offers an 
excellent place for anoWage. Tne lees precipitous sonto-westem coast is accompanied W a 
fw rocky cliffs, while the_ north-eastern coast is highly precipitous dl along Ihe wiore. The 
highest hills are situated in the northern part of Ihe island, apparently rismg to an elevation 
of about 600 feet. Serpentine and gabbro form no doubt the great mass of tiie island.—PI. 4, 
Fig. 2.— South-east coast of Tillanchong. 1, Coral-rocks; 2, Serpentine and Gabbro; 3, 
Breccia; 4, Sharply elevated rock-beds.— 

In the small bay on the south-western coast, the N ovara bay, in which the frigate was 
lying at anohmr for a few hours, the irregular and cliffed-like shores are composed of common 

. de^ptlon of the very well preservod Foraniifitfera from the above desoribed olsvey beds woe undertaken 

by pr. K. ^hw^er. Hie venr valuable paper will be appended to this chapter of the Nicobar Islonde, and for 
rartlier resolte I here refer to this paper. 

f Captain Steen Bille was Commander of the Daniah ship ffoiatteo.—T. O. . ' 
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serpentine, often traversed with veins of bornstoae, and the same is the case with the thickly 
wooded mountain slopes, as far as conld he observed in the small rocky beds of streams. 
The shore exhibited a very j>reat variety in the color of the serpentine, jasper and hornstone 
pebbles : besides these, however, there were noticed also numerous pebbles of a dark green 
diallage rock, which must no doubt be in aitu somewhere on the same coast at no great 
distance. 

From the angular fragments of serpentine and other masses in the course of decom¬ 
position, a ferruginous breccia is foimed at the foot of the hille» while in the breakers the 
serpentine gravms are being cemented by coral and shelly sand forming solid sandstone and 
conglomerate banks which recall the Yei'de-antique, (Ophicalcite). The plateau of the coast- 
reefs extends 2 to 300 feet from the precipitous shore into the sea. Th# whole of the island 
was covered with thick primevid forest which thrives well, even on the serpentine ground. 

In passing along there were observed on the southern part of the island and on the 
eastern coast thin-bedded rocks with a high dip; these were in massive cliffs almost perpen¬ 
dicular in the south-eastern bay with a columnar structure; their true nature remained, 
however, unknown to me, for I was unfortunately obliged to use the telescope in place of the 
geological hammer. 

Camorta, Trinkut, Nancotory with KatcJiall form the middle group of tho 
Nicobar islands. Trinkut is situated in front of the eastern entrance of a channel between 
Camorta and Nancowry; it is a low island surrounded by coral reefs, and on its southern 
coast whitish-yellow argillaceous marls crop out. Camorta axANancowry exhibit a greater 
variety of formation.—PI. 4, Fig. 3.— Sections of Camorta and Trinkut. 1, Gabbro and 
Serpentine; 2, Breccia and tufa; 3, Clay marl with sandy beds; 4, Coral-rocks.—^The 
channel between the two islands, the Nancowry ha.ven, has numerous small bays and 
corresponds with a transverse cleft, while the Trinkut channel is a longitudinal cleft. The 
precipitous shores of the former offer, Gierefore, the most instructive geological section. 

The narrow western entrance to the Nancowry channel is marked by two projecting 
rocks, which have been washed out by the force of the waves, making thus a naturm gateway 
of rocks. Both cliffs rising almost perpendicularly to about 80 feet, are formed of a coarse 
breccia, composed of angular fragments of serpentine and gabbro* firmly cemented. I could 
not observe any stratification in this rock on the Camorta side ; it is here in cliffs with large 
quadrangular blocks. On the Nancowry side, however, coarser bands alternate with finer 
tufa-like ones, with a strike from south-south-east to north-north-west and dipping about 85 
degrees towards west. On the Camorta side, there crop out at two places below heaps of 
masses of rocks, which Rink very properly regarded as friction-breccias, cliffs of a more 
or less serpentine or gabbro-like massive rock. 

Among the pebbles on the strand, 1 also met with numerous fra^ents of a reddish- 
brown rock traversed by white calcite veins, the rock which Bink called Eurite. 

These phenomena at the western entrance to the Nancowry-haven are thus perfectly 
identical with those which Rink has observed at the entrance of the Ulala bay, situated only 
a few miles to the north; they are represented (1. c. p. 68) by Rink in a se^ion. Further 
to the north the mostly bare hills on the west coast of Camorta, recalling by their external 
shape conical volcanic forms, attain a height of from 4 to 600 feet; they no doubt indicate 
the further extension of the serpentine and gabbro-rocks, which on Camorta and Nancowry 
are traversed from south-south-east to north-north-west by a longitudinal cleft. 

In the interior of the Nancowry haven, wherever the rocks are exposed on the project¬ 
ing angles, they appear to be well-bedded, whitish-yellow, clayey marls, alternating with 
banks of a fine-grained sandstone, with serpentine and gabbro tufas. 

Most instructive in this respect is the precipitous south-eastern comer of Camorta at 
which the coast line ben^ into the Trinkut ch^aimel. The argillaceous marl formation is 
here well exposed in cliffs of from 30 to 80 feet high. On the southern side of the comer 
the transverse section of the strata can be observed, dipping at 26® to 30® towards west, while 
on the eastern side, parallel to the longitudinal bre^, the beds crop out horizont^y one 
above the other. The argillac^us marl does not contun fossils, is of a yellowish white color, 

• Gabbro is a rock composed of diallaifc, smaragdite or hypersthene with labradoztts or ss^sarife, and often 
some other minerals in an irregnlar mixture. 
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and on tlie pei'pendicular walls il was covered with imdi-long, white, voiy thin, crystaJs of a 
silky lustre. ITio exg^miuation of these showed them to he sulphate of magnesia. The 
clay itself contains, according to Rink’s analysis, besides silicate of alumina, iron-oxide 
and magnesia. 

The whitish-yellow clay marls of Camorta and Nancowry being entirely free of lime 
Iiave become famous since Professor Ehrenberg (Berl. Akad. Monatsberichte 1850, p. 476), by 
an examination of the samples brought by Dr. lUnk, has shown that they are true Folgcistina- 
marls, like those of the Barbados. Ehronberg discovered in 1848 about 300 species, which 
were by Professor Forbes believed to belong to miocene (tertiary) deposits. Ehrenberg says : 
“Especially well developed is this material on Camorta, where, near Frederickshaven, a 
hill 300 feet high is covered all over with variegated Polycistina-ehy, while the Mongkata 
hills on the eastern side of the island are according to Rink entirely composed of a whitish- 
clay resembling meei'schaam; this is, according to my analysis, a nearly pure agglomerate 
of beautiful Polgcistina and their fragments, beside numerous Spongiolites."* The species of 
Polgcistina on the Nicobars are, according to Ehrenberg, the same which compose the 
similar marl on the Barbados, situated in nearly the same latitude; but there are also some 
new forms. 

Near the level of the sea, the clay marls, which locally contain angular frt^fments of 
serpentine and gabbro, alternate with more solid strata of a psephitic rock, which is com¬ 
posed of strongly-cemented angular fragments of serpentine and gabbro, and can therefore 
bo best designated as gabbro-tufa. It is remarkable that this rock again includes larger 
and smaller pieces of the clay marl. On the eastern coast, near the village Inaka (Euaca) 
a reddish micaceous sandstone aj^pears between the clay marls. 

Similar are the geological conditions on the northern coast of Nan cowry. Between the 
villages Iniiang and Malacca, the whitish-yellow clay marls crop out in slightly inclined 
strata; between Malacca and Injaong, however, lies a precipitous cliff, on which these strata 
rise almost perpendicular, and are gradually replaced b^ an accumulation of fragments of 
serpentine and gabbro. At the projecting corner itself, the traveller faces a precipitous 
cliff of about ^ feet in height, but being cracked and decomposed, the ‘true nature ol‘ 
the rock is recognised with dithcultj. On a fresh fracture, however, one soon obsorve.s a 
massive diallage rock, the laminar diallage being clearly traceable in the nearly solid mass 
of* felspar. NaiTow veins of quartz pass through the rock. 

From here up to the village Injaong the strand is again flatter, and nowhere nearer 
than on the other side of the village high, dark-colored, rocks are a second time visible, 
indicating a massive rock. These are the two places which Kink also has marked on his 
maps as pliitouic rocks. 

Trice and Track. —On the north-western point of the small island Trice, highly np- 
heaved banks of a fine-grtuned argillaceous sandstone of a greenish-grey color form a 
low precipitous shore. The same stratified rocks alternate with thin-bedded sandy slates, 
showing on the south-eastern coast margin of the small island Track, only a few cables 
length distant, the accompanying section. PI. 4, Pig. 4. Besides a fault, the strata form 
a saddle and strike from south-south-east to north-nortii-west. In a sandstone bank I found 
here imbedded a rolled fragment of a bituminous coal, the same of which 1 met with a larger 
but equally rolled fragment on the strand of the island Trice. Of coal seams there was, how¬ 
ever, no trace to be detected; what might be mistaken for them from a distance was only the 
shadow of softer sandstone banks deeply weathered out, or the darker color of some strata. 

Pulo Milu. —A small island on the northern coast of Little Nicobar, which Dr. 
Rink has so excellently described in all its peculiarities, consists, in the higher parts, of a grey, 
fine-grained, micaceous and calcareous sandstone in massive banks. Very often spheroidal 
concretions are to be observed showing on the soft weathered surface like cannon balls. No 
trace of fossils could be found. The massive banks have thin-bedded sandy slates interstra- 
tified. The strata strike from south-s^uth-east to north-north-west, dipping to east at 
an angle of 46 degrees. Dr. Rink (loc. dt, p. 60) mentions a fossil resin in the sandstone 
of Mil u. 

* The result oL examination of a Nnnoowry speoinieu figured on Plate XXXVl of Ehreuberg’s ‘Mikro- 
geologie.* 



PART 3.] 


Ilochstetter, Geology of Nicobars. 


35 


Pulo Milu was particularly instructive for me, because the dependence of the. vosotation 
on the soil and its ^eolojjical basis could be perfectly well recognised. The vegetation and 
the geological formation of the ground stand in the closest relation to each other, as cleai-ly 
shown by the accompanying sketch plan. The sandstone hills are covered with jungle ; the 
coral (calcareous) ground with high forest trees; the saline, calcareous, sandy ground is occu¬ 
pied by %)coa-palmB, and in the fresh water swamp on the declivity of the hill range, which 
resembles in its curve a horse shoe, thrives the finest forest of Panaanus which we have seen 
on the Nicobar Islands.—PI. 4, Fig. 5. Plan of the island of Pulo Milu. 1, Sandstone 
with bushy forest; 2, Coral conglomerate, with high tree forest; 3, Coral and shell sand, with 
forest of cocoa-nut trees; 4, Coast reefs; 6, Fresh water alluvium, with forest of Pandanm. 
PI. 4, Fig. 6, Section of same island on line A. B. Fig. 6. 

We have not visited the coast of Little Nicobar, the mountains of which rise to 1,000 
feet elevation above tlio sea. 

Kondul —between Little and Great Nicobar,—consists os|;‘ a hilly ridge, nautical 
miles long and J mile broad; its strata strike north-north-west., and dip at 70“ towards east. 
The western side is the precipitous one. The strata represent an alternation of more or less 
sandy or clayey beds. Tlie sandstone predominates, yellowish-whih*. with ferruginous 
reddish-brown particles. The clayey beds partly consist of a greasy plastic clay, partly of a 
crumbling yellowish clay marl, with intercalated thin-bedded sandy slates. The only organic 
reinaiiiK which I found were indistinct traces of Algos and small rolled Iragnicnts of coal. 

Great Nicobar. —What shall I report of Groat Nicobar? With the exception of 
some sandslone hills on the northern coast, and the sandstone ranges on the eastern side of the 
Galathoa Bay in the south, I have not seen anything. Great Nicobar, with its moun- 
taius rising up to 2,000 feet, is geologically quite a terra incognita. 

A very remarkable earthquake, which is said to have lasted from the 31st of October to 
the 5th December, lll47, on the Nicobar Islands, at which time also earthquakes occurred in 
the middle and western part of Java, is described from the Penang Gazette in Junghuhn’s 
Java (part IT, p. 910). On this occasion fire is said to have been seen on one of the 
mountains of (Ireat Nicobar. 

Can the highest mountain of Groat Nicobar bea volcano? Its form is that of a volcano, 
but as Jmiglmbn says that one could land on the southern coast of J ava, wander about many 
days among sandstone and slate rocks, without obtaining through any of the phenomena 
oven a trace of the stupendous volcanic nature of Java; in the same way there may be in 
the interior of Groat Nicobar, rock-formations bidden, of which one does not get an idea 
along tlie coast. However, I do not attach any importance to the rumour that fire has been 
seen on Great Nicobar, though the description of the earthquake seems tnistworthy, 
as I bad myself occasion to obsei-ve on Kondul the mountain-slips referred to in the account. 


These few obsciwations, combined with those of Dr. Eink, give us the following, though 
probably still very im])erfect, idea of the geological nature of the Nicobar Islands. 

Among the various geological formations on the Nicobar Islands, three are the most 
important:—1, An eruptive serpentine and gahbro formation ; 2, Marine deposits, probably 
of a younger tertiary age, consisting of sandstone, slates, clay marls and plastic clay ; 
Mecent coral retf formations. 

Tlic 8erj)entine and gahbro formation of the Nicobars is characteristically of an erup¬ 
tive nature. The tertiary sandstones, slates and clay-marls appear forcibly broken through ; 
their strata arc partly inclmed, partly bent in flat, parallel, wave-like, undulations. These 
rocks are accompanied by coarser and finer breccias composed of angular fragments of these 
same rocks, and they can partly be regarded as frirtion-breccias, partly as sedimentary 
tufas in which beds of an argillaceous marl are interstratified, The ertiption of these plutonic 
masses appears, therefore, to fall in a time when the formation of the marine deposits was 
partially completed, partially still in progress. They broke through, on lines of fracture of which 
Ihe principal stoike from south-south-east to north-north-west agrees with the lonptudiiial ex¬ 
tension of the islands. On the middle islands, the sei’pentine and gahbro attain their greatest 
development; on Tillangchong, Terressa, Bompoka, Caraorta and Naueowiw they 
form bare hill-ranges of from 2,500 feet elevation, and their configuration often marvellously 
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membloH ihot>e of younger vulcanic formations. The elevatory power has, however, acted 
most strongly on the southern islands, and has here upheaved sandstones and slates piobably 
to heights of 1,600 to 2,000 feet above the level of the sea; on the low northern islands 
the same power was, on the contrary, wealcest. 

With regard to the sedimentarv deposits, 1 may state that Rink called the amillaceous 
deposits of the northern islands “older alluvium," and the sandstones and slarls of the 
southern islands “ brown-coal formation.” In separating them from each other, he considers 
the former as beii^ derived from plutonic rocks through chemical and mechanical decom¬ 
position, and as only of a local charter. According to this the archipelago of the Nicobars 
is chvided by him into two geologically different groups,—an opinion with which I cannot 
agree. 

The days and day-marl formations of the northern islands, Car-Nicobar, Teressa, 
Bompoka, Camorta, Trinkut, Nancowrv, and the sandstones and slates of the southern 
islands, Katchall, Littljs and Great Nicobar, appear to be only petrographically different 
products of one and the same period of deposition. There are at the same time very few 
materials from which the age of the marine formations could be determined, as the only fossil 
remains which have been found in their strata are fragments of drift wood changed to brown 
coal, plant impressions resembling Fucoids, Foraminfera and FolyriatincB. But all these 
remains indicate more or less distinctly a young tertiary age. 

The same conclusions are derived from a comparison with the geological conditions of 
those islands which lie on the same line of elevation as the Nicobars; 1 refer especially to 
Sumatra and Java. 

1 have not the least doubt that the clay-marl and sandstone formation has its perfect 
analogue among the tertiary deposits of Java, which I had myself the opp'ortunity of studying 
and comparing in their distriWion and lithological character. These became first known 
through the mte Fr. Junghuhn, whose researches on the physical geography of Java are 
of such merit. 

According to Junghuhn, one-fifth of the surface ground of Java is alluvial soil. This 
is especially prevalent on the northern side of the island, extending from the coast inwards 
either one, or sometimes five to ten English milra ; one-fifth of the island consists of volcanic 
cones, and their immediate vicinity where the lower rocks are covered up by volcanic products. 
These conical hills chiefly occupy the interior of the island, sometimes in a double range 
stretching from west to east; while three-fifths of the area are occupied bv tertiary rocks. 
Either in flat protuberances or in clod-like elevations, these tertiary rooks surround the 
volcanic range always on two sides, on the southern as well as on the northern. On the 
northern si^, the less highly upheaved tertiary strata underlie the alluvium, and therefore 
occupy on the surface a smml area. In an unequally‘greater degree, the tertiary deposits are 
developed on the southern side of the volcano, both as regards height and horizontal 
extent. They are mostly visible split in clods (schollen) which always rise higher towards 
one side,—the north, or towards the volcanoes,—and are at their highest edge upheaved to 2, 
3 and even to 4 thousand feet. It is also principally on the southern side that plutonic rocks 
occur in the neptunian deposits of Java, which are occasionally only represented by narrow 
and sharply defined veins, without any influence upon the structure and configuration of the 
surface; sometimes, however, they form small hill ranges or isolated hills, similai' to the 
serpentines and gabbros of the Nicobar islands. 

According to the reports of the Dutch Mining Engineer, Hugpienin,* a repetition of 
the geological formations of the Nicobars appears to be met with in the Tjiletuk Bay (the 
southern lateral bay of the Wynkoop Bay on the southern coast of Java). The prevalent 
formations hero are sandstone-conglomerate and highly developed greenstone-breccias, besides 
{dutonic rocks of the greenstone group. From specimens which I had an bpportunity of 
seeing in the loos] coUeetkm at Beutenzorg, I found that these plutonic rocks are serpentines, 
gabbros and aphanites, exactly similar to those of the Nicobars. Eaually identical appears 
to be the chalk-white day-marl in the middle portion of Bantan, and. the fine white' marls 
in the southern portion of Tjidamar, mentioned by Junghuhn (loc. cit., p. 13), with those 
occurring on the Nicobar islands. 

-— 


Nsturfcnndif« Tijdschrift vooT NcderlondiBeh Indie, Theii XU, p. 110,1850. 
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At the time of my stay in Java (1858), and from all 1 could find described, as well as 
from my own observation, I came to the oondusion that in the tertiary deposits of Java two 
principal groups can he distinguished, setting aside the limestone formation, the proper place 
of which in the system of Javanese deposits is as yet doubtful:* 1. A lower coat-bearing 
groztp: numerous workable seams of brown coal are imbedded in quartzose noa<calcareou8 
sandstone ' and slate-clay with silicified stems of trees; marine shells are very rare, or absent. 
To this I referred the coal seams discovered by Junghuhn in the south-western part of Java, 
as also the coal formation on the Kapuas river in West Borneo, and the extensive coal 
districts in Southern and Eastern Borneo, finally the coal of Benkulen (Benoooleu) on 
Sumatra, and numerous other similar deposits scattered over the Indian Archipelago. 2, 
An^ upper group vsithout coal: a clay and sandstone formation with plastic clay-slates, 
argillaceous marls, calcareous sandstone, trachytic tufas, breccias and conglomerates, rich in 
marine shells, fossil plants, fossil resin, but merely with nests of coal in place of coal seams. 

Reasons, which I have given elsewhere,f have induced me to regard this complex group 
of strata p probably of Eocene age. This opinion may even now stand as regards the lower 

B , while as regards the upper group, I gl^ly accept the (minion of my friend Baron v, 
bofon, and the conclusions derived by H. M. Jenkins,f from which these fossiliferous 
deposits appear to be younger Miocene. 

I suspect that to this upper Miocene group correspond the tertiary deposits of the 
Nicobars, although fossils confirming this suggestion have yet to be discovered. It is 
also beyond doubt that these deposits are not wanting on Sumatra, in certain respects a 
connecting link between J ava and the Nicobars. Junghuhn (loc. cit., p. 8) justly remarks : 
“ The tertiary formation appears to have a sub-marine extent over the whole of the Indian 
Archipelago, because wherever within this Archipelago the earth’s surface rises above the 
level of the sea, this neptunian formation is observable. I know this for certain as regards 
Northern Sumatra, where the tertiaries are especially found in the Batta districts (Batta 
liindern). With the exception of the trachytic island Dungus Nasi all the islands in the 
Bay of Tapanuli (situated exactly in the prolongation of the Nicobars), besides the 
adjoining low shores of Sumatra, and partially also the mountains near Tuka, are composed 
of more oi- less upheaved sandstone strata, containing, though sometimes rarely, tertiary 
shells.” Thus it appears to be principally on the southern coast of J ava and the south-west 
coast of Sumatra tiiat we find a repetition of the geological conditions of the Nicobars. 

The commencement of the eruptive formation is in J ava inaugurated by serpeUtine, gabbro» 
massive rocks resembling diorite (greenstone trachytes as in Hungary); more or less typical 
trachytic rocks follow, and the grand volcanic eruption extending dp to the present time 
from the termination of the enormous eruptive phenomena in the Indian Archipelago. 
At the same time it appears that the eruptive line ha.s be(in shifted slowly, on J ava from 
south to north, and on Sumatra from south-west to north-east, so that this line would 
strike east as regards the Nicobar group in the same longitude in which east of the 
Andamans it reappears on the volcanic Barron Island and Narcondam. 

The young tertiary age of the serpentine and gabbro eruptions on the Nicobars and 
Java has its perfect analogue in the eruptions of the same rocks in Central Italy, which, 
according to Signor Perazzi, in Turin, and Prof. Savi, are partly Eocene, partly Miocene, and 
which, on account of their copper ores, are of importance to the miner. 

The third principal formation of the Nicobars are coral formations, belonging to the 
most recent or the present period. Coral banks of great thickness are found on Car-Nicobar, 
Bompoka and several other islands; they consist partly of a compact coral limestone, partly 
of a coral or shell conglomerate, upheaved up to 30 and 40 feet above the present level _ of 
the sea; on all the islands, the original area is to be observed enlarged by coral-land, which 
is only separated by the higher sand dunes along the 8h(>re, from the still continuing form¬ 
ation of the (K)ral reefs surrounding all the islands in the character of fringing reefs. 
Although these raised (Kiral banks are a decided evidence, in favor of the long continued 

* According to Junghuhn this limestone is the youngest of all the furiuations, and is always to be found only iii 
superflcla] btmkB. 

+ Reports on the doings of the mining engineers in Notherlaiids India (Jahrbuch der k. k. geoJ. lioiehsiinatsU, 
Wien, 1898, p. 277). « 

t quart. Jour, fieol, Soc., Loudon, Feb., IStJL—F, Baron v. Kichthoteu, Skitschnft der doulscUcu gcol. (iescU- 
schaft. Bd. 14, p. 327. 
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upheaval of the islands,—that in connection with the eruption of the serpentines and 
gabbros,—^the formation of the flat coraMand elevated only a few feet above the level of the 
sea can, on the other hand, be explained by the accumulation of coral fragments, of sand 
and shells by the waves and breabors on the shallow surface of the fringing reefs. A 
detailed description of the peculiarities of the Nicobar coral reefs and of the formation 
of the low coral-land has been already given by Bink. (loc. oii., p. 88, &c.). 

II.— On the occurrence of coal and other useful rochs and minerals on the Nicobar 

Islands. 

The question regarding coal was the principal point of inqmrjr during the first expe¬ 
dition to the Nicobars, which was undertaken in 1845 by the Danish Consul Mackey of 
Calcutta, the Englishman Ijevois and the two Danes Busch and Lbwert. 

The solution of this question was a second time the problem undertaken by Dr. Bink, 
as geologist witli the royal Danish Corvette “ Galathea.” The order of the day No. 6, which 
contained the instructions and directions for the survey and exploration of the Nicobar islands 
on the part of the scientific expedition of His Majesty’s Erigate “Novara,” made the reply 
to this question my duty also.* The facts on this point are as follows:— 

The results of the first expedition were confined to the discoverjr of single pieces of 
coal on the strand of the southern islands. Dr. Bink found several locahties of coal on differ¬ 
ent places of Little Nicobar, Trice, Milu and Eondul. “These localiucs at which coal 
occurred proved, however, everywhere to be isolated masses varying from one to two inches in 
thickness.” The incorrect (as already stated) designation of “ brown coal formation” for the 
sandstones and slates of the southern island might have been the cause of misxinderstanding; 
but Bink himself (loc. cit., p. 63) expressed his results thus:—“There appears nothing 
found on the Nicobar Islands which would corresjMmd with the coal formations of South- 
Eastern Asia. The coal localities ‘were met with here and there without any order 
either in sandstone or in slate, and appear to me therefore to be derived from driftwood 
which was deposited with tlie clay and sand. I nowhere found anything which could indicate 
an accumulation of plants in basin-like depressions, in which the plant would be grow¬ 
ing in situ and through which the suiTounduig masses of clay woulu be impregnated with 
oi'gauic ingredients and mixed with portions of plants. The question, therefore, still remains 
pending whether those brown coals occur in considerable quantity, as the quantity and size 
of the collected pebbles would seem to indicate." 

I also did not succeed farther than finding single fragments of brown coal. The first frag¬ 
ments were met with on the strand of the small island Trice; it was a brown coal with con- 
choidal fractm-e, but still with distinct structm'c of the wood. The pieces were a.U rolled, and 
the largest—5-inches long, 4-inchos broad and 2-inchp8 thick—was bored by Pholadidee. I do 
not doubt that these pieces were derived from the beds of tho sandstone or slate of Trice; but on 
the opposite island Track, I wa.s fortunate to knock out of the sandstone, in siiu, a small frag¬ 
ment of coal also rolled. Exactly in the same way J also found small fi'agments of brown coal 
on Eondul and on the south side of Great Nicobar, partly on the strand, partly on the 
sandstone or slate rock, and it is certain that these pieces occur all through the group of islands. 
The condition of all the brown coal fragments met with tends to show that they were only 
singly imbedded driftwood pieces, which were changed to coal, not that they belonged to 
large coal seams through the destruction of which tliey have come into younger strata. Only 
on the strand of Pulo Milu have I obtained pebbles of true coal with laminated structure, 
such as is only to he found in seams. It is, however, much more probable that these pieces of 
coal came from the steamer “ Ganges” accompanying the “ Galathea” in 1846, and stopping for 
some time about Pulo Milu, than that they were derived from coal seams on the Nicobars. 
I therefore entirely agree with Bink’s opinion, that so far as it is possible to make ohserva- 
taons nothing speaks in favor of the existence of true coal basins on the Nicobars, and that 
the occurrence of workable coal is not probable. However the area of Great and Little 
N icobar is large enough to hide under the thick primeval forest formations of which no trace 


• This instnuition runs:- Apcerdinjt to Mie report of the naturalists of the Danish expedition, coal and pro¬ 
bably idao preciona metals <ic<!ur. uAi‘far as tide may be verifted, samples in sufficient quantity ought to be taken 
eqnuly ao in oaae of metals beinpn'onnd. In general it is however to he reported, as regards geologieal ronditions, 
how »r eonclnsiona can be rirswn from the cxieiihg roeks a* to the omirrence of useful minerals, 4c. Of the river., 
and springe, the temperature should be measured, 4e,. 
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may ^ observed along the coast. Until th« interior of these islands has been examined, the 
question regarding co^ on the Nicobars cannot be answei’ed in any other way than it was 
% the first expedition. 

Equally nnfavorable must bo the opinion regarding the occurrence of ores or other useful 
minerals. Nothing of the kind has yet been found on the Nicobars. Gold and useful 
minerals are partially rich on islands and along coasts which, viewed geologically, belong to 
the same area of elevation as the Nicobars, as T have already pointed out. The natives 
who long ago observed those fragments of coal, who use ^lass pearls, silver fiagments, Ac., 
as ornaments, who know the plants and animals of their islands pretty well, and who 
have for all more common phenomena, for all useful products of the animal and vegetable 
kingdom special names, these inhabitants have as yet found among the rocks of their islands 
nothing that they would be able to make use of for ornament or other useful purposes. The 
only traces of ore which I found were those of iron pyrites and copper pyrites, finely 
disseminated through dioi;itic and serpentine-like ro<iks. The possibility of the occurrence of 
copper ores in the eruptive formation cannot be denied; however, no discovery has as yet 
been made which would indicate it. On the other hand, the islands are rich in useful building 
materials. The sandstones of the southeni island must mve excellent working stones; the 
plastic clays of the northern islands could no doubt be equally well worked into bricks or into 
potteiy; the natives of Chowry make large pots of it. Finally lime is offered by the coral 
reefs in inexhaustible quantity along the coasts of all the islands. 

\\\.-—The soil and its vegetation. 

[ Only brief extracts of this section are given, j 

Dr. Hochstetter states that vegetation in its original state always indicates the character 
of the soil, provided the atmospheric conditions are the same. This is, however, on the 
Nicobars, highly the case. ‘ Noitner the diilbrence in latitude from the most northern to 
the most southern islands (2J degrees), nor the difterenco of the absolute elevation (the 
highest hills on Great Nicobar only attain atiout 2,000 ieot above the sea), is large enough 
to produce on the single islands, or parts of them, such a difference in the climatal conditions, 
that on it alone an altered character of vegetation should depend, liocks, soil and vegetation 
are, therefore, on the Nicobars in such a degree related to each other, that the areas marked 
on a map as indicating various rocks would almost coincide with those indicating the varieties 
of vegetation. Unfortunately the sketching out of such maps for the larger inaccessible 
islands is impossible; to indicate it I can onfy attempt a renreseutation of the small island 
Milu (PI. 4, Fig 6.) and the north-western bay of Little Nicobai%’ 

‘ The results of these observations may be seen in the follow'ing tabular view :— 


Geological charaoter of the underlying | Character of soil. Respective character of vegc- 


1. Salt end brackish swamp, damp Swampy ground not capable of cultivation. Mangrove-forest, 
marine alluvium. 

8. Coral conglomerate and coral sand. Fertile oalcareons soil; principal cons- Cocoa-palm forest, 
dry marine alluvium. tituents, carbonate and phosphate of 

lime. 


3. Coral conglomerate and coral sand | Fertile o^oareoss sandy soil. l,arge forest trees. 



4. Freshwater swamp and damp fresh- Swampy ground, capable of being oulti- Pandanus forest, 
water alluviiim. vated. 


6. Plastic clay, magnesian clay, marls Not fertile clayey soil; prlnoipM oouti- Grassy plMns. 
and partially serpentine. tuents, silicate of alnnuna and silicate 

• of magnesia. 

6, Sandstone, slate, gabbro, dry river Loose edayey, sandy soil, rich in alkaUes Jimgle (the true primeval 
alluvium. and lime, very fertile. forest). 
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* The Manp'Ofie forest. —Several deep cbannele, rich in fisbeo and navigable by the 
canoes of the natives, occasionally extend in serpentine toms through these man^ove swamps. 
One meets not uncommonly at the end of such channels in a hidden locality villages of the 
natives, as for instance, on Trinkut the pirates’ village Dschanoba,' (Janoba). 

'The brackish-water alluvium, the ground of the Mhizophori and Cerithia, must, 
therefore be considered as a soil perfectly unfit for cultivation. It occupies only a small area 
as compared with that of the islands, but it is nevertheless of a mischievous importance. 
For it can justly be said that the INicobars owe their unhealthy climate principally to ^ese 
brackish-water swamps, as they occasionally extend for miles from the mouths of the rivers 
into the interior. In these swampy districts, the change of the fresh to salt water causes a 
decay of the organisms, which can only exist in the former, the reverse takes place in salt 
water changing to fresh water. The ebb exposes lar^ areas, and decomposition of the organic 
life takes place, filling the air with most poisonous miasmas.' 

Dr. Hochstettei says that he especially had opportunity of studying these marked 
changes on a grand scale on the northern coast of Great Nicobar (west of the Ganges harbour). 
On the other hand, the coral land appears to be fertile, capable of cultivation, and healthy at 
the same time, and the dry manne and freshwater alluvium, to which on the sea coast 
l)elong the cocoa-palm forest, and further inland extending to the back of the hills, a beautiful 
forest of vaiiouB kinds of large trees. This is the ground which the natives of these islands 
have selected fur their abode, finding here all the necessaries of life. 

The cocoa-palm forest is described by Dr. Hochstetter as the picture of life, and he 
thinks that if the cocoa-palms had not been there, the islands would have been probably 
uninhabited up to this time. He further states that, taking the number of the inhahitante 
of all the islands to he 6,000, there would be about five and a half millions of nuts required 
for annual use. The annual export >of cocoa-nuts can further be estimated as about ten 
millions, for Car-Nicobar alone exports between two and three millions. This gives fifteen 
and sixteen millions of cocoa-nuts to meet the annual demand. On the northern islands, the 
cocoa-palms occupy comparatively a larger area, while on the southern islands, especially on 
Great Nicobar, they are nearly altogether wanting. The northern islands are, therefore, the 
most thickly inhabitea, and ilie cocoa-palms are there divided as property, but on the southern 
islands they appear to be the free, common, goods of all. 

‘ The Nicobarese not only lives on, but also in, the cocoa-palm forest, having selected for 
himself not only the most comfortable place for his hut, hut oeing on the dry coral ground, 
exposed to the curi'cnt of the wind, also the most healthy situation.” 

‘ The high forest. —This is chiefly composed of large trees with rich foliage.’ Several 
valuable timber trees, and others, useful on account of theii* fruits, are here mentioned. 

'The finest high forest I saw on the southern coast of Car-Nicobar.’ 

* The Pandanus forest, in which this remarkable tree suppresses all other vegetation, 
except a few Areca- and JSo^any-palms, occurs only on the swampy fresh-water alluvium 
along the course of rivers and streams, especially near the sea where we rivers form more or 
less permanent basins. Here it is Pandanus Milore, the largest kind of Pandanus, 
which forms the forests, I believe that what we saw of the Pandanus forest on Pulo Milu, 
was one of the most peculiar pictures of tropical vegetation seen during the whole of our 
journey.’ 

' The Pandanus is not cultivated on the Nicobars; it is most flourishing in a wild state, 
and is, after the coc(>a-palm, the most important plant for the natives as regards fo^ : it is 
the truly characteristic plant of the Nicobar islands. 

‘ Grassy plains. —If one has succeeded in msrftlnng from the flat coral-land through 
the high and Pandanus forests, he generally loaches &e foot of hills, rising on the larger 
southern islands, on Great and Little Nicobar to a height of 1,000 to 2,000 feet above the 
sea, but on the northern islands they are pot above 500-^ feet This hilly land certai^y 
occupies to of the whole area. It jn composed of recks of the gabbro and serpentine 
formation, and of the clayey and sanctf^rtiary beds formerly notic^ The eruptive roftks 
are comparatively of smuhextent. Where felspathic gabbro forms the ground, this being 
produced ly the decomposition of the rooks may oe said to be fertile, it is oovared with thick 
forest, but even the serpentine island Tillang-chong has a flourishing primeval forest. On 
the other hand, a remarkable difierenoe is perceptible in the vegetation of the tertiary ground.’ 
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‘ The hills of the northern islands are to a great extent only covered with grass, those of 
the southern, however, chiefly with a thick forest vegetation. This distinction rests upon an 
essential difference in the composition of the ground. The hills of the northern islands 
consist of a sterile ar^aceous soil, those of &e southern islands, on the contrary, of a fertile 
calcareous, sandy-argillaceous soil.’ 

‘ Where the most favorable tropical climate could produce nothing else, bift stiff and dry 
Lalang-CTass (Imperata), and rough Cyperacese (Scleria, Ctfperu», IHplaceuni), surely there 
nature has clearly enough left the stamp of sterility, yet just between such ^ssy hills, 
which from a distance lo^ so homely resembling fields of com, have the colonists on the 
Nancowry channel built their houses and gardens. The grass grows now high enough above 
their bunal rounds ; the breakers play with the bricks with which they built the houses; 
gardens and fields, every path has disappeared. On Car-Nicobar I saw these grassy plains 
partially cut down, bemuse the natives use the grass for thatching their houses, and on 
Kamorta large strips wore in flame.* 

The grass vegetation, says Bink (loc. cii, p. 136), which to the greatest extent covers 
these islands, is, in the valleys at the base of the hills, ve^ thick and high; it becomes 
however, higher up thinner and shorter. On the places which are sufficienuy damp many 
soft grasses may occur rich in juice; but on the tops of hills, where the dry magnesian 
claystone locally penetrates through the scanty layers of soil, and is also partially covered 
with a coarse ferruginous sand, while the showers of rain carry all the finer particles which 
may be produced by decomposition into the valleys, there, as a rule, only dry and rough 
siliceous GraminetB and Cyperacea are to be met with. 

The area which may, therefore, in fixture he successfully cultivated is that of the southern 
islands, composed of sandstone and slate, producing a fertile argillaceous sandy soil. On 
Little and Great iKTicobar with the small islands Pulo Milu and Kondul, the hilly land 
may be estimated at nearly two^thirds of the total area. These islands are therefore in point 
of colonization the most important, and a comparison with Ceylon and Pulo Penang 
shows what could prosper where now impenetrable primeval forest covers the whole surface. 

‘ "Primeval forest .—^This is of great extent, and the coast inhabitants of Great Nicobar 
tell of the existence of a wild tribe, forest-men, (“ jungle men"), with long hair, inhabiting 
small huts or trees and living i^n honey, roote and gaim But no European eye has yet 
sighted these forest-people.’ Dr. Hochstetter describes in vivid language the evermore forest- 
clad parts of Great Nicobar, which were visited by some of the party along the deeply 
indented water courses and ravines. 

JF.— Springs, Streams and Rivers. 

The annual rainfall of the Nicobars is unknown. But vOTy likely it is considerable; 
1 think 100 inches is an exaggeration, because the two seasons, usually distincpiished,—^the 
dry one during the north-east monsoons between November and March, and the wet one 
during the soutii-west monsoons between Apiil and October,—are not so strictly separated 
on these islands as on the neighbouring continent, and according to present experience 
showers are also not rare during the d^ season.^ The driest month of the year ma^ be 
March. We had, during o*r stay on and round the islands, in this mon^ three times 
rather heavy showers of rain. In April they become more frequent, until in May and June 
the south-west monsoon rolled constant and heavy clouds over the islands. 

If, therefore, peculiar geological conditions do not facilitate a rapid flowing off of the 
rain, tiie islands cannot have in general a want of water. And of this we could convince 
ourselves, innsTnuch as tiie end of the d^ season was unfavorable &r the quantify of water 
in streams and rivers. Even tiie smaliMt islands, like Pu^o Milu and Eondnl, though 
their small streams hardly had any water flowing, still had an abundance of fresh water 
in the numerous basin-like depressions of their beds. From the forest-clad heights of 
Tillangcbong still rippled out eveiywhere spring water. The numerous streams and 
rivers of the southern large and woody islands, Little md Great Nicobar, possess 
abundance of water all the year round. Bat t^e nortiiem island, as &t as the argillaceous 
beds extend, appears to he deficient in water; this specially is the case on Nancowry, 
Camorta, Trinkut, and probably also on Terressa and Bompoka. I found the small 
streams on Nancowry and Camorta. leading info the Nancowry haven, perfectly dried 
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lip. The natives only drank cocoanut-water, and they probably obtain the fresh water 
which they require fiir domestic purposes, <&c., like the boiling of Melori, from the fresh 
water swamps, which are locally to be met with in ravines. Of wells, excrat that made 
near the village Malacca on Mancowry and which is now half in ruin, 1 saw nothing. 
Car>Nioobar, however, though also composed of argillaceous strata, as the abovemeutioned 
islands, has no want of good drinking water, because the large coral land raised from 
8 to 12 feet above the level of the sea, permits the digging of wose remarkable wells, the 
fresh water of which falls and rises with the ebb and tide. The explanation of this rare 
phenomenon does not rest in the filtering of the seawater by the coral-sand, but is 
rather the fact that the lighter rainwater floats on the heavier seawater, and the porous 
coral rock only prevents the mixing of the two. I have seen several such reservoirs on 
Car-Nicobar near the villages Mus and Saui, they were all dug from 8 to 10 feet 
through the coral mass nearly to the level of the sea at its highest flood, - and contained 
good drinking water. Besides this, a river flows into tiie Northern Bay of Car-Nicobar, 
which we named Areca River from the luxuriously growing Areca-palms on its hanks; 
this river is navigable with flat boats two miles upwards, and near the small rapids which 
one meets it also oflers good drinking water, containing only a small portion of calcareous 
constituents in solution. 

I have not become acquainted with any mineral or warm springs. The clajr-marl 
rocks of the Nancowry haven are, however, seen covered avith an inch-thick incrustation of 
sulphate of magnesia (epsom salts) in fine fibres with a silky lustre; this indicates a quantity 
of sulphate of magnesia in the claj'-marls, and by digging holes in them, epsom salt waters 
may probably be obtained, such as is the case with the bitter sandy-marls near Bilin in 
Bohemia. 

V.—Ohservationa on the temperature. 

As we had, according to our instructions, to measure the temperature of rivers and 
springs, and as this task fell to my lot, as far as opportunity offered itself, I would put upon 
record here the few obseivatious in this respect, besides a few remarks on the temperature. 

a.—Temperature of the different waters. 

1. 23rd Febmar;, on Car-Kicobar, water in the well near the village Saui in 8 feet 

dq)th in perfect shade ... ... ... ... ... ... 26'7C. 

2. 27th February, on Car-N 1 cobar, Areca river in the shade of the primeval forest ... 26'OC. 

5. AthMsnh.on’rillangchong.westemside.aBpringintheahBde of primeval forest 25'6C. 

4. 4tb Uarch, on Til Ian g chon g, another wring ... ... ... ... 2600. 

6. SihMarch, on Nancowry, old well of the Moravian Brothers near the village 

Malacca, water in 8 feet depth in shadow ... ... ... ... 25‘7,C. 

If it were permitted to make from these few observations a conclusion upon the mean of 
the annual temperature of the Nicobars, this mean would be 25’58C. (=:78'04 Fahrt.) 

I have also measured the temperature of several other wells and streams, but as their 
water was temporarily exposed to we sun, very different results were obtained, as for instance: 
on Car-Nicobar 

24th February, well near Mns, water in 3 feet d^th ... ... ... 27'OC. 

25th „ a stream between Mus and Saui ... ... ^ ... ... 27‘8C. 

26th „ river near Saul ... ... ... ... ... ... 29'OC. 

on Camorta 

9th March, two streams with muddy stagnant water •s« «.< ... 27-OC. 

onPuloMllu 

18th March, stagnant stream water ... ... ... ... ... 26’6C. 

h.’^Temperatures qf the soil. 

To obtain further materials for the determination of the mean annual temperature 
I made a few observationB on the tonperature of the soil, and these gave the following 
results:— 

8thMaroh,onNanoowry near the village Innang, the thermometer, after it hid been 
exposed in a pennanently shaded place for 6 honra, showed, when buried in 81 feet 
de^ underground ... ... ... ... ... ... 26‘7,C. 

aoyiMBreh,(mKondnl,ahK>in3ifeet aftmehonn ... ... ... ... 26'3,0. 

These two ol>Bervationq,«give, as did those made in water, an 

annual mean of 25‘6,C. (=77*9 Fahrt.) 
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This result is smaller than the records known up to the present, but these also do not 
rest upon sufficiently decisive observations. Bink, who, during a stay on the islands between 
January and May 1846, never saw the tberraometev under and never above in 
perfect shade, believes 28°C. to be the most probable mean. 

According to Johnston’s Physical Atlas, the lino indicating the temperature of ihc sea 
surface of 30’5C pMses just across the group of islands, the annual isothermal being 26'1C., 
with the January isothermal of 25‘OC, and the July isothermal of 27'2C. 

As regards the monthly means, we obtain from the observations of the Danish Corvelh: 
Galaihea every four hours: 

for January 1846 ... ... ... ... ... ... 28-2t'. 

„ February „ ... ... ... ... ... ... 28-6C. 

According to the hourly observations on hoard of the Frigate Jfiovara the mean is— 

For the days 23rd,—28th February 1868 ... ... ... 27'2C.') 

„ „ lst,-26thMamh.27-5C.i“‘‘^" 

With this agrees pretty fairly the soil temperature which I measured at a di*pt,h ol’ 
one foot. 

On the 26th February near Saui ... ... ... 27‘7C.') 

„ „ 20th March on Koifdul ... ... ... 27‘OC. Vmean 27'26(’. 

„ „ 26th „ on Great Nicobar ... ... ... 27'OC.3 

Finally, with regard to the daily means, they will be found for the time of our stay on 
the Nicobars in the observations recorded on board of the vessel. It occurred to me when 
on Car-Nicobar to see whether the temperature of the water of young cocoanuts, when 
freshly cut down from a tree standing in shadow, would not indicate approximately the mean 
daily temperature. I found on the 26th February, in two nuts, a temperature 27‘2C. and 
27'4C., as a mean 27'3C. The journal kept on board of the Frigate gives for the same 
day. as mean, also 27‘3C. 


DONATIONS TO MUSEUM. 

Micraster cor-av^mnum. —Hertford, England, presented by A. Tween, Esf^. 

Belemnites leevis, (2 spec.); £. clavatas, (1 sp.); B. vulgaris, (2 spec.) B. cglindricus, 
(2 spec.) B. suh-aduncatus (2 spec.); B. striolatus, (1 spec.); B. tubularis, (2 spec.); 
B. penicillatus, {2 s.'pwi.)B. sulcatusi}.. spec.); Trigonia, Fish t^th (Sloncs- 

firld), &c. presented by Prof. John Phillips, Oxford. " 


ACCESSIONS TO LIBRARY. 

From 1st April to .30th June 1860. 

Titles of Books. * Donors. 

Argyll, Duke op. —Primeval man, 8vo., London, 1869, 

Boubguionat, M. J. R.—Mollusques Nouveaux, Iiitigieux ou pen connus, 8vo., 1868. 

Bronn, Dr. H. G. —Klassen und Ordnungen des Tbier-reichs, Vol. V, pts. 9, 10, Vol. VI, 

pt. 4, Leipzig, 8vo. 1869. 

Brown, B.—Miscellaneous Botanical Works of—Ray Soc. Vol. Ill, 4to., London, 1868. 

Browns, J. B. —Reports on the Mineral Resources of the United Stiibs, Washington, 

8vo., 1868. The Author. 

Dodd, George.— Dictionary of Manufactures, Mining, Machinery and the Industrial Ai<.s, 

London, 12mo., 1869. 

Dorna, Prof. Alex.— Catalogo delle Leoneidi o stelle meteoriche osservati nel 1867. 
Gervais, Paul. —Zoologie et Paleontologie generales. Parts 8, 9, Paris, 4to., 1869. 

(iovLD, A.~~Otia Conchologica : Descriptions of" Shells and Mollusks, Boston, 8vo., 1862. 
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Tiiles of Bookn. 

Hanley, S.—Catalogue of Kocent Bivalve Shells, London, 8vo., 1842—1866. 

Jaccabd, A.—Matdriaux pour la carte Gdologique de la Suisse, Liv. 6. Jura Vaudois et 

Neuchatelois, with 2 maps, 4AiO. and fol., Berne, 1869. 

Kabsten, Db. G.—Beitrage zur Landes-Kunde der Herzogthiimer, Schleswig und Holstein, 

I, Reihe, Hft. 1, 4to., Keil, 1869. 

Maack, Db. G. a.—D ie bis jetast bekannten fossilen SchUdhroten und die im oberen Jura 
boi Kelheim (Bayern) und Hannover neu aufgeiundenen altestcn 
arten dersclben, PalseontOgraphica, XVIII, pt. 6, Cassel, 4to., 1869. 

Mabtinez, D. M. de Gonoobat.—A ntiguedades prehistdricas de Andalucia, Roy. 8vo., 

Madrid, 1868. 

PiriiiLrBS, John.—V esuvius, fcp 8vo,, Oxford, 1869. 

Pictet, P. J., Matdriaux pour la paleontologie Suisse ou recueil de Monographies sur les 

fossiles du Jura et des Alpes, pt. 4, No- 2, 4to,, Geneve, 1869. 

PoNSON, A. T.—Traitd do I’exploitation des Mines de Houille, Vol. I, with folio atlas, Liege, 

8vo., 1862. 

Quabitcu, Bebnabd.—G eneral Catalogue of Books, Londojp, 8vo., 1868. B. Qdabitch. 

Qdenstbdt, F. a,—P etrefactenkunde Deutschlands, VoL II, pt. 1, Leipzig, 8vo, 1868, 

with atlas. 

Reid, H.—A practical treatise on the manufacture of Portland cement, with translatum of 

Lobwitz’s treatise, 8vo., London, 1869. 

ScHiMPEB, W. P. H.—Traitd do Paldontologie V6g6tale, Vol. I, Paris, 8vo., 1869, with 
Atlas. 

SoMBBViLiE, Maby.— 0)1 Molecular and Microscopic Science, 2 Vols., 8vo., London, 1869. 

Stewaet, J. L, —Puiyab plants, comprising botanical and vernacular names, and uses of the 

trees, shrubs, and herbs, Lahore, 8vo., 1869. 

Styffe, Kntjt.—E lasticity, extensibility and tensile strength of iron and steel, London, 

Bvo., 1869. 

VicTOBiA Govebnment.—P rize essays, 1860, 8vo., Melbourne, 1861. 

Whitney, J. D.—Geological Survey of California, Paheontology, Vol. li. pt. 2, roy. 8vo. 1869. 

' Pbbiodicais. 

American Journal of Conchology, Vol, IV, pt. 4, Philadelphia, 8vo., 1868. 

American Journal of Science and Arts, 2nd Ser. Vol. XLVIl, Nos. 139, 140, New Haven, 

, 8vo., 1869. 

Annales des Mines, Pains 8vo., Ist Series, Vols. 1 to 13, 1816-26; 2nd Ser. Vols, 1 t,o 8, 

1827-30 ; 3rd Ser. Vols. 1 to 20, 1832-41, 4tb Ser. Vols. 1 to 20, 
1842-61. 

Annales des Mines, 6th Ser., Vol, XIV, 1868, Vo. XV, 1869, Paris, Bvo, 

L’Administbation DBS Mines. 

Annals and Magazine of Natural History, Vol. HI, Nos. 16,16, 8vo., London, 1869. 

Beitrage zur Geognostischen Kenntniss der Erzgebirge, pt. 3, Freiberg, 8vo., 1869. 

Engineer’s Journal, Calcutta, New Ser., Vol. XII, Nos, 16,17,18, 4to, Calcutta, 1869. 

Geographische Mittheilungen, edited by Dr. A. Petermann, Pts. 1, 2, 3,1869,4to., Gotha. 

Geological Magazine, Vol. VI, Nos. 2, 3, 4, 8vo., London, 1869. 

Journal de Conchyliogie, 8rd Ser. Vol. IX, No. 2, Paris, 8vo., 1889. 

Joilmal of Travel and Natural History, edited by A. Murray, Vol. I, No. 6, London, 8vo.,’ 

Malakozoologische Blatter XVI, J Bog. (Di;. L. PfeiflFer) Ca.ssel, 8vo., 1869. 
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Martini tmd Chemnitz, SytematischeB oondiylien cabinet, Yol. Ill, Heft XXYI, Lief. 189. 

4to., Numbei^, 1868. 

Neues Jahrbuoh flir Mineralode, Geolone, and Falceontologie, Heft 1, 2, Stuttgart, 8to., 

1869. 

Falseontographica, XVIII, 6 . Cassel, 4to., 1869. , 

PalsBontographical Society, Yol. XXII, 4to., London, 1868. 

Novitatee Concholo^o», by Dr. Pfeiffer, Yol. 1, pt. 38, Caesel, 4to., 1869. 

Novitatee Conchologicte, Supp. Ill, Monog. d. Mollnekengattong Venue, E. Eomer, Pts. 16, 
17, Cassel, 4ka., 1869. 

Poggendorff, J. C., Annalender Physik und Chemie, Leipzig, Indices, 8 vo., 1844>64-65. 

Professional Papers on Indian Engineering, Yol. YI, No. 23, Eoorkee, Eot. 8 to., 1869. 

Pbincipal, Thomason College. 

Quarterly Journal of Science, No. XXII, Londcm, 870 ., 1869. 

Quarterly Journal of Microscopical Science, New Series, No. XXXIV, London, 8 vo., 1869. 

Bevue Universelle des Mines, de la Mdtallurgie des travaux publics des sciences a I’industrie, 

12me ann*^. Farts 6 and 6 , Brux, 8 vo., 1868. 

Gk>VSBNM]{NT Sblbctions, &c. (fbom thb Gotbbnmbnts). 

Bengal.— HUl Tracts of Chittagong and the dwellers therein, by Captn. T. H. Lewin, 

Calcutta, Boy. 870 ., 1869. 

„ Beport on the results of the administration of the Salt Dept, for 1867*68. Calc., 
Fol. 1868. 

„ Beport on the external commerce of Bengal for 1866*67. Calcutta, Fol. 1868. 

„ Beport on the Financial results of the excise administration in the Lower Pro 7 - 

inces for 1867-68, Fol. Calcutta, 1868. 

Beport on the administration of the License Tax under Acts XXI and XXIX of 

” 1867 in the Lower ProTinces for 1867*68. Cab., Pol. 1869. 

„ Beport on the drainage and oonser 7 an(y of Calcutta, 41p., 1869. Calcutta. 

Bokbat.— General report on the administration of the Bombay Presidency, 1867*68. Boy. 

870 . Bombay. 

Bubmah.— British Burmah Be 7 enue Beport, 1867-68. Extract from proceedings in the 

Foreign Department, No. 234. Moulmain, 870 .1869. 

„ Extracts from proceedings of the Chief Comn^ioner, British Burmah, dn the 
Home Department No. 264. Vaccination Beport, 1867*68. 870 . Ban- 
goon, 1868. 

India.—L ist of ciidl ofldoers holding gazetted appointments on the 1 st January 1869. 870 . 

Cal. 1869. 

„ Anuala of Indian Administration, 1866-67, Yol. XII. pt. 4, 1868. Serampore, 
870 . 1868 . 

„ Biblioth^ Indica, Afn-i-AkbarL New Series, No. 157. Calcutta, 4to. 1869. 

„ Geographical and Statistical report of the Topographical Sur7ey of Chota Nagpore 
Dirision, 1868. Calcutta, Fol. 1869. 

Madras.— Selections from the Beoords of the Madras Goremment. Annual Beport on CiTil 

Dispensaries iae 1867* 8to., Madras, 1869. 

N. W. PROTuroBS.^^SeleotumB from Beoords of Gkwemmonli North-Weftem ProTinces, 2iid 

Scries, YoL 1, Nos. 8, A 870 .. Allahabad, 1868. 

• „ Selections firom the Becmds of Goremment, North-Western ProTinces, 

2nd Series, Yol. II, No. 1, 2, 870 ., Allahabad, 1869. 
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TSitles qf Books. Boimts. 

OuDH.—Selections from Eecords of Oudh. Carriage for troops, 8vo., Lucknow, 1869. 

„ Eeport on the Revenue Administration in the Province of Oudh for year, 30th 
September 1868. Lucknow, Fol. 1869. 

Punjab. —Annual Eeport on vaccine operations in the Punjab for 1868. Lahore, Fcp. 1869. 

„ Report of the Lahoro Medical School for the year ending 31st March 1869. 
Lahore, Pep. 1869. 

„ Annual Report of the Lahore Lunatic Asylum for 1868. Lahore, Fcp. 1868. 

„ Selections from the Records of the Government of the Punjab and its Depen¬ 

dencies. New Series, No. Ill, 1869. 8vo,. 1869. 

Tbansactiokb 07 Socisms, &c. 

Berlin. —Zeitsohrift der Deutschen Gteologischen Gesellschaft, Vol. XX, pts. 3, 4, 8vo., 

Beblin, 1809. The Society. 

BBUSSELLS.—Bulletins de I’Acaddmio Eoyale des Sciences, des lettres et des beaux-arts de 

Belgique, Vols. 1 to 23, 1832—66. 

„ Annuaire de I'Acad^mie Royale des Sciences et Belles letters. Bruxelles. 
12 mo., 1836—67. 

„ Mdmoircs Couronnes et Autres Mdmoiros, Vol. I to XJV, Bruxelles, 8vo., 
1840-62. 

Calcutta.— Records of the Geological Survey of India, Vol. II, pt. 2, 8vo., Calcutta, 1869. 

The Survey. 

„ Journal of the Agricultural and Horticultural Society of India, New Series, 
Vol. I, pt. 3. The Society. 

„ Journal of the Asiatic Society of Bengal, Vol. XXXVIII, pt. I. Nos. 1 and 2. 

pt. II, No. 2, 8vo., Calcutta, 1869. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 4, 5, 6, 1869, 8vo., Calcutta, 
1869. The Society. 

„ Rules of the Asiatic Society of Bengal, 8vo., Calcutta, 1869. The Society. 

Christiania. —Gaea NorvCgica, Parts I, II, III, Christiania, Folio, 1838. 

Royal University of Christiania. 

,, M6moirc8 pour seiwir 4 la connaissance des Crinoides vivants, by M. Sars, 
Christiania, 4to., 1868. Royal University of Christiania. 

„ Om Underberget ved Kongsberg og om Guldets Porekomst Sammesteds, by 
Th. Hiortdahl, Christiania, 8vo., 1868. 

Royal University of Christiania. 

Dresden. —Sitzungsberichte der naturwissenschaftlichen Gesellschaft isw, in Dresden. Jahr, 

1868, Nos. 7, 8, 9,10,11,12, 8vo., Dresden, 1868. The Society. 

Geneva.— M^moires d’ 1’ Institut National Genevois, Vol. XII, Gen6ve, 4to., 1869. 

Gottinoen.— Nachrichten von der K. Gesellschaft der Wissenschaften und der Georg-Augusts 

Universitat aus dem Jahr, 1868, GUittingen, 12mo., 1868. 

H. The Society. 

Lisbon.— Memorias da Academia Real das Sciencias de Lisboa, Nova Serie, Vol. 1, pts. 1, 2; 

Vol. 11, pts. 1, 2; Vol. Ill, pts. 1, 2, Lisboa^ 4to., 1864-66. 

London.— Journal of the Society of Arts and of the Institutions in Union, Vol. XVII, 

Nos. 847-867, 8vo., London, 1869. The Society. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series, 
Vol. Ill, No. 2, 8vo., 1868. The Society. 

„ Proceedings of the Royal Geographical Society, Vol. Xlll, No. 1, 8vo., London, 

1869. The Society. 
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Titles o/* LooJeS, J^OTIOTS, 

London. —Proceedings of the Royal Society, Vol. XVII, Nos. 108, 109, 110, London, 8vp. 

1869. The Socibts . 

„ Quarterly Journal of the Geolc^oal Society, Vol. XXV, pt. I, No. 97, 8vo., Lon¬ 
don, 1869. The Society. 

., Royal Society’s Catalogue of Scientific papers (1800-—1863), Vol. II, published by 
Royal Society, London, 4to., 1868. 

„ Transactions of the Royal Geological Society of Cornwall, Vol. V, London, 8vo.. 
1843. 

Ma.dbid. —Libros del Saber do Astronomia del Rey D’Alfonso X, de Castilla, Vol. V, pt. 1. 

Madrid, Imp., 1867. Madrid Royad Society. 

MeIiBOCBNE. —Transactions and Proceedings of the Royal Society of Victoria, Vol. VII. 

1866, Vol. VIII, pts. 1 and 2 for 1867-68; Vol. IX, pt. 1 for 1868. 

8 vo., 1868. The Society . 

,, Transactions of the Royal Society of Victoria, Vol. V, 8vo., Melbourne, 1860. 

The Society, 

Moscow.—Bulletin de la Socidtd Impdriale dos Naturalistes do Moscow, Vol. XLI, No. 2, 

Moscow, 8vo, 1868. The Society. 

Pabis.— Bulletin de la Soc. Gdologique de France, 2nd Sor., Vol. XXV, No. 6, Paris, 8vo., 

1869. The Society. 

,, Mdmoires presentes par divers Savants a I’Acaddmie des Sciences de 1’ Institut Im¬ 
perial de Prance, Vol. XVIII, XIX, Paris, 4to., 1868. 

The Academy. 

,, Mdmoires de I’Acaddmie des Sciences de I’lnstitut Imperial de France, Vol. XXIX. 

1867, XXXV, 1866, XXXVII, 1868, Paris, 4to. The Academy. 

., Comptes Rendus hcbdomadaircs des Sdanc^s de I’Academie des Sciences, Vols. LV to 
LXV, LXVII, Paris, 4to. The Academy. 

Philadelphia. —Journal of the Franklin Institute, Vol. LVI, No. 6, 8vo. The Institute. 

„ Journal of the Franklin Institute, 3rd Series, Vol. LVI, No. 6, LVIl, 

Nos. 1,2, 3, Philadelphia, 8vo, 1869. The Institute. 

„ Transactions of the American Philosophical Society, 2nd edition, Vols. 1 

to 7,1789—1809, New Series, Vols. 1 to 9 ani 11 to 12, 1818—63. 
Philadelphia, 4to. 
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Thb Mohpani Coal-fielo, by H. B. Medlicott, M. A., F. G. S., Deputy Superin¬ 
tendent, Geological Survey of India. 

8ket(rh-map of 1859 .—Any one who has examined with attention the sketoh-map 
of the middle Narbada region, published in 1869 by the Gmogical Survey of India, must 
have noticed how few actual coal-crops arc marked in the large area colored as possibly 
coal-bearing; and more especially, how very partially those outcrops are distributed in that 
area. Wi& the exception of Mohpani, and the less known case near Lokartalai, all the 
observed coal-localities occur close to the south border of the basin of stratified rocks, far 
from the Narbada valley, on the south tributaries of the Upper Tawa and in Ihe valley of 
the Pench river. A reference to the index of colours on the sketch-map, and to the 
descriptive text (Vol. II., Mem., Geological Survey, India,) would suggest possible explana¬ 
tions of these peculiarities: two groups or formations, the Damiida and the Talchir, are mapped 
under one colour. It was known at the time (see. p. 149, etc.) that the coal is confined 
to the upper group; but the demarcation between the two is very obscure in this region, 
and it would have been at that time impracticable to have undertaken to separate them, 
as no sufficiently accurate map of the country was to be had. Another possibb explanation 
of the anomalous distribution to which I have drawn attention is suggested by the some¬ 
what doubtful boundary between the Damuda group and the overlying strata of the 
Mabaddva series, as noticed at page 191 and elsewhere—the possibility that some of the 
latter may have been locally included with the former, thus unduly enWging the apparent 
area of the coal-bearing rocks. 

It has long been tho desire of the Sumrintendent of the Geolo^cal Survey to clear up 
all these known doubts, more especially with reference to the very pressing question of the 
coal-supply to the railway that now passes close along the northern nmigin of this area. The 
much increased knowledge of all these rocks that has been attained within the last few 
years will greatly facilitate the final separation of the gi'o^s; and thus definite information 
will be avp,Uablo for the guidance of mining experiments. The detailed topographical survey 
of this region is now nearly completed; and proof copies before publication of some_ of the 
sheets having been obligingly supplied from the Surveyor General’s Office, the revision of 
the geological work was commenced in November last. It will be some time before the 
detaued examination of so large an area can be completed; but some definite results have 
been already obtained, bearing very importantly upon the question of the coal-supply and the 
proper direction for further mining explorations. 

Alterations to he made .—To any who have not_ applied the necessary re^rvations to 
the indications of the sketch-map, the present inform^on wiU be somewhat dmppointing. 
It is still to be expected that coal will be found where it is not now known; but observations 
made this year greatly reduce the area to which such hopes can be applied with any con¬ 
fidence ; the negative indications of the sketch-map have been substantiated Hy the verifica¬ 
tion of the surmises that have just been pointed out regarding them. The case may bo veiy 
briefly stated, and easily understood by a reference to the old map: the whole of the 
Dhlidhi valley, and all the valley of tiie Denwa (or Deor) north of tho Pachmari range, 
are formed of rooks belonging to the Mahaddva series,* in which there is no prospect what¬ 
ever of coal; although it may occur beneath them. A note on the sketch-map indicates the 


* In tho report under notice the name MahndtSva le need oe that (rf a single Eronp; but recent InvcBlipationB 
hero and elsewhere tend to show that It oomprisus several groupe, for which coUeetivelf the name may perhaps be 
retained. It would bo oat of place to disense tho qacetiou In the present report. 
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doubts that were entertaiued regarding the Deor valley. To the south of the Fachmari 
ituige, including a large portion of the plain of the Tawa, the rooks, although belonging to 
the Damuda series, are certainly higher than the true coal-bearing group of this part of 
India; they are throughout more or less carbonaceous, and contain the Damdda fossil 
plants; and there is therefore always a chance of coal occurring in them, as will bo fully 
tested by the detailed survey; but every distinct indication of coal at present known 
throughout the entire region (with the exception of a poor Mahaddva coal to be noticed 
presently) is referrible to a thin band at the base of those rocks, immediately overlying the 
Talchir group, and outcropping near the margin of the basin, as indicated on the sketch-map. 
This restriction of the apparently large area of the coal-bearing rocks brings into greater 
importance the limited fields that are known, and suggests the close search for similar 
small outcrops of the measures along the edge of the basin. « 

The Mohpani field. —^The wide separation, ^ intervening barren (coal-less) rocks, of 
the several localities where coal appears at the sur^e within the large area hitherto generally 
referred to in this connection as the Narbadd coal-basin necessitates the recognition of 
as many distinct coal-fields. Of these, the Mohpani field is at present by fiur the most 
important, on account of its accessible position, and because the value of the seams has been 
proved by actual minii^. It is situated at the south edge of the Narbadd plains, twelve miles from 
the Great Indian Peninsula Bi^way at Gorrarwarra, and is traversed by the Sitariva river, 
in which the entire section is exposed, in a length of about a mile and a half. On the south 
the measures are buried beneath lofty hills of younger rocks; and on the east, from the sharp 
bend of the river, the field is rapidly cut off by an overlap of those same strata. To the 
west the extent of the field is very obscure and doubtful: for seven miles from the Sitariva 
the ground is very much covered, the Mus from the ridge to the south of the measures being 
conmient with the superficial deposits of the plains, so that only a few small and uncertain 
outcrops can be seen. A little further west, however, in the Dharajhor, a complete section is 
obtained up to the metamorphic rocks at the edge of the basin; and the coal-measures are 
there altogether covered and overlapped, the whole ground being occupied by the younger 
rocks. Thus the possible limits of the field as appearing at the surface are very restricted; 
and we have no certain knowledge of it beyond the much smaller area bordering the Sitariva. 
A description of this locality will bo the best guide to the experimental investigation of the 
rest and of the possible extension of the field by working the measures through overlying 
formations. The accompanying map, copied from the new Revenue Survey sheete, is not on a 
sufficiently large scale to express on it the detail that would be desirable for such a purpose; 
but it will at least make the case intelligible: the littlo map on the one inch to the mile 
scale shows all that is visible of the coal-measures in this field; the larger map shows the 
area over which the measures may outcrop; beyond that area they must bo sought through 
other rocks. 

Actual ohsermtiom very limited. —Although it is now several years since mining was 
commenced by the Narbadi Company, very little has been done to explore the field; Ml the 
workings are on one spot dose to the outcrop in the river. Two or three borings wore made in 
the in^ediate neighbourhood, but without cutting the coal, as will be accounted for presently. 
The Sitariva Company have been too busy opening their pits, close upon the northern out¬ 
crop in tlie river, to have had time for fiurther explorations. Thus, for a description of ilio 
field and its extent there is little more data than that available from the natural outcrops. 
The extent of this information and of the field as at present known may be judged from the 
statement that one square mile would very nearly include all the localities where coal is visi¬ 
ble ; and fully one-hMf of that square mile is occupied by rocks below the coal-measures. It 
may indeed be confidently expected that the coal exists and can be followed over a much 
larger area; but it needs no more at present to show how impossible it would be to arrive at 
a correct estimate of the extent or value of the field until tiirther trials have been made. 

Formaiions; —There are three formations to be considered: the Mahaddva series, the 
Bardkar group (or the coal-measures), and the Talchir group; besides trap-rock, motamor- 
phio roclm, and the superficial clays and gravels, or ‘ wash-drift’: — 

Mdhadiva Series. —^The Mahaddva series is of great thickness, and comprises a laigo 
variety of rocks; but as hare exposed, at and near the contact with the coal-measures, it 
maintmns very constant characters, being foraed of massive coarse conglomerates, sandy or 
earthy; and .generally more or less rusty; with these are freely but ci^riciously associated 
beds of deep red day sometimes mottled and calcareous, or oven with nocmlor layers of lime¬ 
stone. Courses of rusty sandstone are comparatively rare hero. These rocks form the base 
of the lofty ridge of Nimdgarh, as well as the smaller hills bounding the field on the east; 
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and they aro tho last rocks soon at the north end of the section in the river. On the tops oi’ 
the hills, and ^nerally at a distance fh)m the edge of the basin, tho Mohadtiva formation 
is largely composed of sandstones above, associated with earthy beds below. 

MahadSva coal .—^It is important to notice here the coal that occurs in this formation. 
Much labor and_expense have already been devoted to it; and I am aware that hopes are still 
entertained of it by intending speculators. Without wishing to deter men finally from 
exploring what may possibly in some local instance turn out a good thing, it is but right that 
all should bo informed of what is known regarding it. Many thousand maunds of this 
co.al were cut by Mr. Walker, contractor for the Narbada bridge, at Lamdta ghat on the 
Narbada, and profitably used for lime and brick-burning. Some was also extracted on tho Shcr 
rivor near Sonora. The same coal has been examined in many other places, as in tho 
Mahanudi, to tho north-east of Jabalpdr; in the Hard river, a tributary of tho Sakkur; 
on the flanks of Nimdgarh, south of Mohpani. Many years ago this coal was cut in 
sinking a well within the station of Jabalpdr. Its characters aro cve^whero the same,— 
a bright jetty lignitc-coal, disseminated in threads more or less abundantly in thick shale 
and sandstone; tho proportion of coal is exceedingly variable, and, except in rare cases, 
altogether too sraall for use. In the nearly continuous rock-scction in tho Shcr and Machariva 
rivers, this coal is exposed ten or twelve times in a length of as many miles, without .any 
change of character, and ofiTcring no encouragement to any attempt at mining. It certainly 
would not bear transport or keeping; and the moat that can eVer Ira expected of it is for local 
use for rough purposes. 

To one who is not familiar with the characters of these formations, and accustomed to 
disetiminate between varieties of similar rocks, this Mahaddva coal-band might readily pass 
for the true coal-measures, as it often occupies an analogous physical position at tho edge of 
the plains. Tho simplest criterion is the coal itself, which is quite unlike the Damdda 
(Bar&kar) coal. Although found in so many distant localities, the coal-hand is certainly 
not a constant member of the series; nor is it even likely that all tho known seams aro 
on the same horizon in the series. 

Barakar group .—The Barakar group is not more than 600 to 600 foot thick, com¬ 
posed of strong "beds of gray and white fclspathic sandstone, alternating near tho top with 
carbonaceous shales and coal-bc<fe. Wherever the section is exposed in the neighbourhood 
of the Sitariva, these beds are found close beneath tho bottom rod clays or conglomerates of 
tho Mabaddvas. 

Talchir group .—The Talchir group is typically characterised by beds of fine greenish 
silt, or silicious clay and sandstones, in either or both of which pebbles and boulders, often 
of largo size, are tliinly scattered. The fine earthy sandstones pass up by imperceptible 
gradation into the Barakar rock, so that the boundary between them, in the absence of 
characteristic fossils, must often be arbitrarily assigned. These rocks occupy a largo space 
between the north and south outetrops of the coal-measures on the Sitariva. 

Structure of the rocks .—The general section (sec figure) north and south across the field 
will illustrate the relations of the rock-groups and explain the present strueturo. There is no 



General section from south to borlh, arioss tlie Mohpani coal-field. 

Seale, 2 inches — 1 mile, a, Mahaddva: J, coal-measures: e, Talchir: d, mctanMri>hic. 
The dotted Uiies indicate the probable mode of extinction of the coal-measures to the nortli. 
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(Aher locality known where the coal-measures are so ranch broken as in this field. In the 
section of tine Sitariva, the general character of the disturbance is a normal anticlinal ftexure, 
having moderate dips on the south, but rising to the vertical on the north side of the axis; 
the last Toek seen next the superficial gravels of the plains being vertical beds of the coarse 
Mahad^va conglomerate. There are numerous minor contortions and dips that are not 
attempted to be represented in the figure. In an easterly direction from the river, the con¬ 
tortion dies out rapidly; the vertical seams of the northern outcrop flatten and bend southwards, 
p^ing round into continuation with the measures on the south of the flexure. The 
Talchirs are thus covered up at the surface; and, on the other hand, .the Mahad^vos stretch 
continuously to the edge of the plains; at Pukuhi they still have a low south-easterly dip, 
but soon become quite horizontal. In a westerly direction the main feature of the dis¬ 
turbance seems to continue for some distance, as is shown by the steady south-south-east 
dip of the conglomerate along the base of the Nimdgarh ridge; but this regularity does 
not obtain along the axis of the flexure, as is shown by the few outcrops that are visible 
to the north of the ridge. At the west base of the outlying hill of trap near Mohpani, in 
about the position of tno axis of the anticlinal, the coal-measure strata have a steady low 
easterly dip. This irregularity greatly complicates the attempt to search for such outlying 
masses of the coal-measures as may exist beneath the superficial gravels at the foot of 
the hills. 

Tra'p~rocTe. —Trap-rock fonns an important consideration in he valuation of this field. 
It occurs both in dykes and in overlying masses, but is all of the same description,—a dense 
basaltic rock; and, os ter as present evidence goes,.it may be all of the same age. There are 
three great dykes in the Sitariva: the first is at the very northern edge of the rock-section; 
it ■ is about twenty yards wide, running through the Mahaddva conglomerate very nearly 
along the vertical bedding, with a strike of 5“ south of west, and a slight southerly 
underlie. The second dyke is in tlie Talchirs, obKqiie to the bedding, some fifteen yards 
wide, with a strike to ^0" north of west, and a slight southerly underlie. The third is 
also in the Talcliirs, about twenty yards wide, running nearly due oast and west, and with 
a very slight southerly underlie. Although all these are remarkably steady for the short 
length seen in the river banks, they certainly do not continue so, as a rule, for any distance. 
It IS probable that No. 1 represents, or is even continuous with, the strong dyke that is 
found at or near the base of the hills to the eastwards; but its course must be more or less 
tortuous. At three miles to the east, in the river’s bank just above Dongarkho, there is a very 
pretty section showing how suddenly these trap dykes may stop out on the rise; at the 
water’s edge the dyke is some twenty yards wide, and all trap; at a height of fifteen feet there 
is hardly a trace of it to be found, the whole having split up and rapidly thinned out 
between thick wedges of the overlying massive conglomemte. The dyke No. 3 presents another 
case of irregularity; if it continued the course which it has in the river, it must have appeared 
in the upper workings of the Narbadfi Company’s colliery; but the coal there is totally 
unaffected by trap. Indeed, it is strange that where trap is so abundant none has been met 
with as yet in any of the pits, small though these are. There is no doubt, however, that this 
rock will yet prove troublesome in working the field. Where the coal-outcrop is exposed in 
the stream beyond the ridge north of the colliery, trap is in force close by, and must greatly 
affect the coal there. 

There are three patches of overlying trap, apparently remnants of a once extensive 
spread. The detached hill half a mile to south-west of Mohpani is all trap; on the north 
and cast this rock reaches down to the level of the plain; on the south-east Talchir rocks 
are found close to the base; and on the west side Bar&kor beds are well exposed to a 
height of some fifty feet. Ilie trap near Kaklaur and Pipurea scarcely appears above the 
general level of the plain. 

Connexion of the measures on the north and south. —^Notwithstanding some slight differ¬ 
ences in the details of the sections, and £he very marked difference in the quality of the coal, 
there can be no doubt that the measures worked the Sitariva Company in the vertical seams 
on the north are the same as the less troubled beds of the Norbadfi Company on the south. 
There are three or four seams at the southern outcrop, and but two at the northern; and 
the associated beds do not exactly correspond in the two localities (there are some earthy 
beds above the coal on the n(^h that are not found in the southern section); but these 
differenoes vrould come well within the known limits of variability of thete deposits; and 
the Msition of the measures in the general section, with respect to the Mahaddvas above and 
the Talchirs bdow, is precisely the same in both localities. There is, besides, the direct 
evidence of contiauity; the ground is too covered to show quite an imbroken section, but 
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obaervations are oloso enough to leave no doubt on the point. The change in the quality 
of the coal is quite in accordance with the crushed condition of the strata. The coal from 
the vertical seams is friable and dusty, and bums without smoke, all the bituminous matter 
having apparently been extracted from it; it is consequently slow to ignite, but has strong heat¬ 
ing ]power; the coal in its normal state at the Narbadk Company’s mines has the usual com¬ 
position of Indian coals; the subjoined analyses made by Mr. Tween exhibit the change t— 



Carbon. 

TolatUo. 

Ash. 

1. Narbadii Company’s minos: top seam (river workings) 

66-8 

38-6 

ll'A 

2. n » m 2 feet band of spurious cannel coal 

331 

2i’6 

42-3 

3. „ « main seam ... ... ... 

60’4 

390 

10-6 

^ tt M If ••• ••• 

61’9 

33-4 

14-7 

6. Sitariva Company’s mines: top seam 

87-9 

8-8 

23-3 

If II IQftlU B^EIXU ••• 

69-0 

16-0 

26-0 

7» If 11 11 eae eea it* ••• 

70-7 

0'6 

19-8 


Tho Sitariva Company have sunk a shaft on the main vertical east-west seam to a depth 
of seventy feet, without any change, save a slight tendency to assume a northerly underlie, 
'they have a shaft on the same coal about 200 yards off on the east side of the river, where tho 
scam has already lowered to a dip of 65 “ to north-north-east. The Narbadi Company's 
collieries are in a corresponding position on the fiat sido of the flexure, at the south-east 
angle, where the strata are bending round the point of the anticlinal; and the galleries bring 
to sight many minor features of disturbance that could not ho detected at the surface. Small 
as are the workings (tho most extensive is about 400 feet long by 160 broad), they are on 
all sides stopped out against faults; it is true that none of these seem to have any great 
throw; but their fre<juency, and the crushin" of the coal that attend them, is a serious 
obstacle and loss. It is to be expected that coal that exists between the two present 
collieries is at least as troubled as that seen in the Nurbadd Company’s pits, probably more so. 

Rough egtimate of the field so far as proved.—Any estimate of the available coal-supply 
in this region must be affected by two considerations that do not present themselves in oiner 
Indian coal-fields ; these arc, the frequent high dip of the seam, and the fact that almost at 
all points thick overlying rocks rise into hills of considerable height close above the out¬ 
crop of tho coal. Both these conditions will involve the necessity of deeper mining than 
has yet been attempted in India; in many places here they would restrict the mining to what 
ciin bo obtained from shafts or galleries on or near tne outcrop. Applying this rule to 
the known length of outcrop in the Mohpani neighbourhood, we may arrive at an approximate 
estimate of the coal from existing data: it may be said that there are about two miles of 
known outcrop, the coal being obscurely visible at the surface at several spots along the 
curved line between the two collieries, but its thickness or its qualitv in that position has 
not been tried. Assuming it to maintain a mean thickness of workable coal between the 
aggregates at the two collieries, say twenty-five feet, at tho rate of 1,000 tons per foot of 
thickness per acre of seam, we should have 400,000 tons for every sixty-six feet down the seam 
along the whole length of two miles. As in many places the seam may be followed for 
many hundred feet, it is apparent that, without any very unwarrantable assumption, we may 
count upon a larg^ supply of coal for many years to come. 

Probablefkrther extension ofi thefield. —^It is, as I have said, unfair to the field to pass 
an estimate upon it from the very insufficient information at pi^ent available; there is much 
hope that the coal will be found far beyond the limits taken in the estimate just given. I 
will now attempt to indicate the directions in which an extension may be sought. There are 
four considerations involved in a judgment; what may have been the orimniu extent of the 
basin of deposition; how far the Bardkar group ever extended in that oasin; how far the 
coal may have been co-extensive with the group; and whether any portion of the group, 
and hence of the coal which is its uppermost member, had been broken up and destroys 
before the Mahaddva deposits succeeded. 
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already known; and U be hoped that the meaanrea will rapidlv aasume a steady low 
dipy fn^ormable to that omerred m the. overlying Mahaddvae. I have urgently recom> 
th^ the seam at the foot of this shaft he mllowed out southwardst any fault- 
gtu&d be IhoKoaghly ^li»ed. Machinerjr is being pnt np to drain the shaft. The di^ 
eul^ of .nnwatuing mines in this position u one that must to anticipated: at the base of a 
high ridfb, hating » trough-shaped arrangement of the strata, a heavy discharge of water 
seems vnetitable; it is possible thi^ the excessive discharge in this particular shut may be 
increaesd by the proximity of a deep pool in the river just above. 

![%e same indications applicable to other localities. —The indications I have here given 
to guide in the exploration of tiie Mohpani field ought to be of service in the search for 
other fields along the maigin of the basin: thu %m the gorge soutii of Fattehpdr, near 
Bunkheri railway station, the con^omerate laps rbtii|p|the west end of the ridge of metamor- 
phic rocks, the east end of which is at Ehairi; a fih<^ way up, the river bifurcates; and just 
above this there is a small patch of the Tfd^ir boulder pro. surrounded bv the Mabad^eva 
conglomemte; it is possible, though not very likely, as this is the lowest level, that outcries 
of we Damddas might be found in the nei|fhbourhood; and similarly elsewhere. It is to 
settle such points that the detailed survey is so much needed ^ meanwhile the indications 
1 have given may be of service to independent explorers. 

I cannot conclude this report without an expression of regret at the obstructions 
that are being raised to the development of the Mohpani coal-field. Several years ago 
mining was commenced with the intention of having the works well opened so as to 
be in a state to turn out a large supply of coal by the time the railway should be 
finished; all prospects of profit being necessarily dependent upon that event. The com¬ 
pletion of the railway was repeatedly postponed year after year, the mining establishment 
and plant being necessarily maintained all we time. And now that the main line is opened, 
and there is a prospect of a return for the outlay on the mines, numorons delays and 
objections are made to the construction of the short branch line, without which the mines 
cannot be worked. Questions are still raised as to the relative quality of the coal; upon 
which point all reasonable doubt has been long since settled; for it may be safely asserted 
that a large portion of the coal now consumed over the East Indian Bailwa^ line is no better 
than the M^pani coal. For the Jabalpdr line, and even so far as Naini junction, the 
Mohpani coeiI could undersoil the Bengal coal, and a considerable saving be made iti the 
railway expenditure. Questions of separate accounts and the desire to show profits on one 
side or other ought not to be allowed to lead to the public being heavy losers. 

1st May 1870. 


Notb ow ran lbad-obb ai SuMAitiBiiD, Jabalp^jb District, Centbal Fboyincbs, —by 

Thbo. W. H. nnaHBS, P. 6. S., Assoc. Eoy. School of Mines, Geological Survey 

of India. 

In April last, Mr, Olpherts, Resident Engineer on the Jabalpdr line of railway, 
announced in a letter addressed to Mr. W. B, Jones, the Deputjr Commissioner of Jabalpdr, 
that he had discovered indications of copper about three miles north of the Slimanabdd 
nulvray station, and expressed a hope that th^|^tter might be further investigated. 

Discovery of copper <md lead, —Mr attention was first drawn to this subject 

by noticing some copper stains on the fomgmij^^ rode of one of the piers for a railway 
bndge. A^er making known this discoyi;^^ he noted the strike of what he considered 
thoj^e, and puisuii:^ his researches to ^ railway Ut upon another 

loc^to—rshout two miles from the railway of Slimandb&d, and a littie off the main 

road to the town, which yielded an lead (galena). 

1 .lattro .spot accompanied bj^^ticdleagne. Mr. Fedden. 

Thom Httle to be seen, merel^kteall ridge of quartzite rock, about eight feet 

in height, so in haeadth, and a in kngth, throughout a narrow band 

of whmh galeha 9.) was sparsedly distribppi^ith here and there a little copper pyrites. 

8tratiyraph$eedi *^i<^^ion of ridge .—A important point to determine was the 

stratigraphioal relittloli, of this ridge. It strike either my colleague or myself that 

^t was a lode, but rather a component bed of ^’ l^logioal series which occurs at Slimanfibad. 
The ridge is made up cS quartzite, and not cff ydn qnartz; and though many of the hand 
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speuimeoB which 1 broueht away, and othera that were in Jdr. Olpherts' jirtssotwian, mi|fht 
poasibly convey the idea that the ore existed in a lode, such a misapprehension would arise 
only £rom the examination of small pieces of the mati^. 

The dip of the bedding is rather obscure, but its direction appears to be 46° sonth of east. 

There are planes of jointing striking 2U° north of west and inclined at an angle of 76° 
in a southerly direction. 

The strike of the beds is north-east—south-west; so that if this line were followed np, 
we should most probably find a connection between the two localities where lead and copper 
ore have been respectively found. 

Description of ore .—The ore of lead is galena, a combination of lead and sulphur with 
a certain proportion of silver. An assay made by Mr. Tween in the Office of the (xeulogiual 
Survey prov^ the ore to contain 19 oz. 13 dwts. of silver to the ton of lead. The ore of 
copper is pyrites, which is usually a combinatiem of copper, iron, and sulphur. 

At the locality where Mr. Olpherts first noticed traces of copper, tho ore is principally 
malachite, but there appears also to be some dioxide of copper (Cu 2 O). From a (conver¬ 
sation which I had with Mr. Olpherts, I gathered that tlio ore was only sparingly distributed 
throughout the matrix. 

Origin of ore in the rock .—^The lead occurring in a bed, and not in a lode, it is most 
probable that it was an original constituent of the rock in whi(;h it is now found; and that 
whilst the rock was nndergoing metamorphism the lead became segregated. 

Economic value .—^In order to form a reliable estimate of tho pnihablo richness 
of this find, T had hoped that a &ir amount of clean cut surface would have beim exposed 
for examination, but this was not the ease, as Mr. Olpherts, who had the mamigemont of the 
prospecting operations, had not had time to open out enough of tho bud. 

If the indications, however, of lead at tho surface may bo tak(‘n as a fair criterion of tlin 
richness of this (luartzito, then 1 would at once condemn the whole, tliu proportion of ore 
to matrix being far too small tp make the working of t)ii.s bod a (h'sirablo Hi>ocuiatiou. 
It may also be stated that lead ores oceun-ing in lanls or nests an? usually i>oor in silv(U'. 
But it would be premature to pass a final condemuatiou until further investigations liad 
taken place, and although, as I said above, the indications ai-e unpromising, I would yid 
recommend that a sum of 3 to 300 rupees should be placed at Mr. Olpherts’ command in 
order that he might carry out to a more satisfactory conclusion tlie researches which he 
has iiutiated. 

Incidentally, I may mention that Mr. Olpherts possesses an extensive collection of the 
various iron ores of the country. Many of these are very rich and occur in great ahuudanct; 
near to and around Slimau&b^d. 

Jiine 1st, 1870. 


Note oir the oochbbeece of Coal east of Ghhatiboabh in the covntby between 
BiLASPtJB AND BXnchi, by W. T. Blanfobd, F. G. S., Depy. Supdt., Geological 
Survey of India. 

The coal bearing (Damiida) bods of Eorba extend for about forty mil^ to the eastward 
as far as Babkiib, in Udipdr (Oodi^pore). Th^ also extend far to the south-east towards 
G&n^dr, and to the northwards toward Siic^'a, and in fill probability are continuous or 
nearly so with the deposits of the same nature known to occur in tlioae districts. 

Main Pat with the neighbouring hjlls and all the country on the road finm Main Pat 
through Cfiidndaigarh and Jashpdr to BAnchi consist of metamcnphic roclm wi^ the excep¬ 
tion of a cap of teap and laterite on Main Pat. 

^ The lateness of the season* preventfid my searching to any extent for coal seams, 
mdications of the existence of which were fiifibrded by the ocourrenoe of iitijg^ments of coal 
in the rivers, especially in the'M&nd. 1 found a few seams near Chitra, twelve miles west of 
B&bkdb and nearly thirty east of Korba. T||> or three are seen in the Mdnd about three to four 
miles east-north-east of Chitra, but they aa^only from a foot to eighteen inches in thicknera. 
In a small stream, the Kopa Naddi, which runs south of Chitra, one seam, about three feet in 


* Alter the end of Aptii I bad sflR fifiO mites to maroh to Haz&rfb&grh. 
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Uiioknm, is seen near tbc village of Tenddmiiri, more than a mile soui-h-west of f!hitra. It is 
nearly horizontal, hnvinf^ a very low ii-regnlar dip to the west or south-west. Part ounsiKts 
of &ir coat, the remainder is shaly. 

THie only seam examined from Which it is possible that a useful supply of fuel ini^^ht 
be obtained is exposed in the same stream rather nearer to Chitra, being about a mile fium 
that village, oloao to the boundary of the village of Tenduinuri. It is very badly seen, but 
appears to be of considerable thickness, perhaps twenty feet. The upper portion is so much 
decomposed that no trustworthy estimate could be formed of the qtiality without digging 
into the seam: the lower portion appeared to lie fair in places. The diji is about 15° to 
north-north-w»v«t. 

The villagers, as usual, would give no information, so that I could only trace out the 
coal seams by the laborious process of scarchiug the beds of the streams, and from want of 
time T was unable to ascertain whence the greater portion of the fragments seen in the 
Mand were derived; bnt when passing through Riinehi, Lieutenant Hale, in chargi* of the 
Chota NAgpur Topographical Survey Party, told me he had found a seam of coal about 
four miles north-west of Kdbkuh in a small stream running into the Mund, and it is probable 
that this may bo the source of the blocks T saw in the river bed. 

1 should add that several coal localities have been lately found by the oiIi(;(‘i-H oi' 
the Topograjdiical Hiirvey and recorded in their maps. They are all north of Korbu 
and [Jdipur. 

Wlien passing tlirungh Jasbpur, the llajah told mo that coal has been found in his terri¬ 
tory in the Khnrea country, twenty-four miles north-west of Jashpurtiagar. This would U- 
about 100 miles, or rather more, west by sorith of Riinehi. 

Calcutta, ill«^ il/oy 1870. 

Noth on Petbolkum in livKUAn, &c., by William Tubobald, Es»<., Geological Survey 

of India. • 

Two very distinct sorts of earth-oil arc met with in the countries lying to the eastward 
of the Bay of Bengal, niz., the limpid oil of Arakan and the viscid oil oi‘ Bnniiah, which last 
is commercially known as the Rangoon oil from its port of shipment, though really obtained 
at the Yoniin-khyoung and other wells in Upper Burmah. The limpid oil of Arakan varies in 
tint, from pale yellow to deep sherry brown, with a peculiar opaline tinge, something like that 
produced in alcholiolic lluids by the presence of fusil oil in excess. The Rangoon oil, on the 
other hand, is of very uniform color, a peculiar yellowish green and of tarry consistency. 

I may here remark that the only other Indian oil I am acquainted willi is that produced 
in the salt range in the Punjab. Tliis oil is o(* a consistency almost intermediate between 
the Arakan and Burmah oil, and difl’ors in tint from both, being brown, devoid of the petiulifiv 
greenish hue of the Rangoon oil, and of a decidedly reddish color by transmitted light.* 
The wells producing the limpid oil are situated near Kyoukphoo, Rarnrce, and the neighbour¬ 
hood, and are all confined to the western side of the Arakan range, and none of them oc*!ui- 
at any great distance from the coast, whilst the viscid oil of commerce is similarly confined to 
the eastern side of the same range, occurring most plentifully iu Uj)p(‘r Bunnali, but met 
with here and there in very sparing quantity as low down as the parallel of Myanoung. 

Of the mode of occurrence of the Arakan oil and of tho rocks witli which it is assuciafed 
little is known. The wells are mostly shallow, almost superficial, and would seem only to yield 
Butficient oil for local use, though their productive capacity has probably never been mirly 
testi'd. 

Tho Burmese oil is worked much mora energetically, though the geological relations of 
the oil are little better known than in Arakan. Some of the Yenan-khyoung wells are, I am 
informed, sunk to a depth of 100 or 160 cubits, first through a little surface clay and then in soft 
sandstone. Tlie age of these beds is not precisely known, but analogy would point to the 
nummuUtic formation as being the source of these oils. In the Paiij&b, tho oil rises through 
contorted beds of nummuliticlimestone, and is there in all probability derived from thick beds 
of carbonaceous shale with lignite, which are associated with and underlie the nummulitic 
group. As the nummulitic group is largely developed in Burmah, we ma}', in default of any 
precise infotittatiion on the subject, refer in like mainner the Burmese oils to the same group. 

* I>r. Oliiham has drawn niy attention to a remark of Mr. Wynne, that tho oil obtained near Bawul Pindi ia 
aroen, when it iaanaa to the anrthee. 'Fhe dtatlnetton, therefore, drawn by me between the color of tiie lhin,idb ami 
^naoon oils would aeem to depend mainly on the relative lenufUi of time either haa been kept, and doea not aecm, 
aa at first inferred, to originate in any essential difference of composition.—W. T, 
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lu the proviuoe of Pegu no nummulitio rooks ocoiu- at the sunace east of the Irawadi, which 
entire region is occupied by a newer group of miocene age or your^r, aud no petroleum well is 
authentically known within this area. A little below Kamidn there is a tradition of petrulenm 
having once been known to occur, but I visited the spot and could detect nothing to coun¬ 
tenance tbe rumour in the appearance of the sandstone or any of the neighbouring rocks. The 
occuiTence of oil, therefore, east of the Irawadi in Pegu must be held to bo an open question. 

West of the river, the only sitUktion where petroleum is known to occur which I liave 
as yet had an opportunity of visiting, is the newly discovered locality at Padoukbeeu west of 
Thaietmio. The well was here sunk to a depth of about twenty feet in soft argillaceous sandstone^ 
rather tender aud incoherent and of a dark bluish color, drying paler. The beds in the 
neighbourhood are shales and sandstones of tlie miocene series, dipping at low angles aud 
very little disturbed, and not in the slightest degree altered. The oil seems to have been 
discovered by its saturating the soft sandstone where cut by a small stream in the bed of 
which the well is sunk, the top being a little way up the bank, but tlie well being carried 
below the level of the bed of the stream. Whether the well continues to yield, I cannot say. 
At my second visit it was al>anduued and dry, but I hear it bus again been worked. The oil 
from this spot is precisely similar in every respect to the commercial or Yendn-kbyoung 
oil, and is regarded as equal to it in value by the natives. 

There is no indication at this spot of any fault, and tlie chances of improving the supply 
by a deep boring aro hardly greater than of lailnie, as there is so Httlc to guide the judgnumt 
as to the source of the oil, and as these beds aro, I believe, high in the series to which they 
lielung, a very thick set of unproductive beds would have to l)e j)aMsed thnnigh, unless the 
bore struck a seam containing sufficient oil to constitute a flowing well, the presence of which 
is by no means assured by the insignificant surface indication.^. 


NoTB on the PETUOtElTU LOCALITY OF SoDKAL, NKAH FUTTIJDNO, WEST OF RaWUL 
PiNUi, Punjab, by if. B. Wynne, P. G. 8., Geological Survey of India. 

The petroleum at this place occurs (as usual in the Punj&h, vide Geological BejwrtN, 
Asiatic Society, &c.,) in the nuinmulitic tertiaiy rocks, tliist near the petroleum pits, as well 
as to the norui and south, fossils occur, orbitolites being by far the most numerous, but bivalve 
shells in a fragmentary state, teeth of sharks, and large bones are also to be found. 

Tlie pits, only one of which is of any depth, are situated in a small open space a couple 
of hundred yards wide from north to south, covered with superficial debris, and bounded in 
these directions by rocky ridges of slight elevation. To the ejist and west are the sources 
of some of the numerous steep ravines which intersect the country everywhere. 

The tertiary rocks on both of these ridges are much contorted along narrow axes, but 
still possess considerable regularity of strike in a direction about 10° north uf east and 
south of west. They dip at high angles, varying from vertical to 60° or 60“ generally west 
of north aud east of south, but lower angles and horizontal beds may also be ot^rvod 
forming parts of curves in the same neighbourhood. 

The rocks consist mainly of gray grits and sandstones, with some hands of gray fossil- 
iferous limestone iuterstratified with thick zones of red shale. 

In. the immediate vicinity of the pits the strike of the rocks changes to about north-east; 
they dip at very high angles to the north-west and seem to ran against a mass of red shales 
wltliin a few yards of the principal sinking, being perhaps ffiolted, but the relations ore almost 
entirely concealed by the covering of superacial debris. 

To the southward of the present works within a few feet dark brown shales and 
sandstones impregnated with petroleum ore exposed by an open ' drift’ or * stope* (cut ap- 
]>ai*eutly to seek the most productive band), and these as well as a band of liraestonu 
in places saturated with the oil may be traced for a few yards north-eastwards, where a 
quantity of the oil seems to have exuded from the rocks and mingled with the surface soil. 

Owing to the abandoned state of the works at present and tiie insecure gear at the 
pit’s mouth, it was not found practicable to descend, but m the pit is only twenty or thirty feet 
m d^th, the oil could be seen trickling from the highly inclined strata lorming the sides, and 
which dip at the upper part of the pit north-west at 70“. A ‘dhol,’ hwered quietly 
and drawn up as rapidly as possible to avoid loss by reason of its leaky condition, contained 
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aViOnt seven or eight vertical ^chos of the oil floating upon clear water, this being rather loss 
than tlie probable depth of that in the pit, which had been accumulating for three or four 
months. 

It was stated by a native in charge of the place that the oil ran slowly and coagulated 
in the cold weather, in consequence of which the works had been temporary stopp^, and 
that when in operation ubont one maund of oil daily could be obhiined. The colour of that 
taken from the pit was grpn, but some found in * neighbouring shod was of a dark 
brown tinge, and burned readily with dense black smoke. 

It is understood that the mineral oil procured from here is to be used in lighting the 
station of Rawul Pindi with gas. A ‘ gtis house’ was seen in course of construction there, 
and laiT'o gas mains lie along some of the roads, so that the question of supply becomes of 
importance: the quantity reported to bo obtainable seems so far from encouraging that I 
doubt whether some larger prospect must not have existed before an expenditure upon gas 
pipes, Ac., was sanctioned. 

The locality where the oil occurs is evidently of but limited extent near the village of 
Sudkal, and it would appear necessary, in order to develop its resources, to open much more 
extensively, across the run of the beds, trenches cut downwards to the rocks, w'hich are now 
so much concealed just near the pits. Even if this was done and other pits sunk, there is no 
reason to suppose any of them would be more productive than the present shaft, and so far as 
can be judged irom what is visible there is not room for many. 

As to the ]K(8sibility of an incrc.ased quantity of the oil being obtained by deepening 
the existing shaft, it cjin only be said that as the beds are nearly vertical with some underlie 
north-westward, if these relations are preserved, the pit in deptli ought to pass through 
the beds at present yielding the oil and to enter those seen at the surface in the drift south 
of the pit, where it may he pnjsuined the pro.spcct of finding the oil in sufficient quantity was 
less favourable, or the shall, wmnld have been sunk there. As the bc'dding of the rocks is 
much disturbed their continuing to lie in the same position for any distance cannot be calcu¬ 
lated upon, but it seems likely that (if it has not alnsady bpen done) tho shaft might with 
some advantage be carried down to intersect the oil-bearing rocks south of the pit. 

To sum up: from what is now to Iw seen at this petroleum locality, it would ho advisa¬ 
ble to extend the search further before building hopes upon the phuse as a source of 
supply for lighting llawul Pindi, and tho quantity said by the man in charge to have bt)cn 
obtained from the present sinking would hardly wuiTant expectation that sufiiciuntiy large 
results would be obtained by opening other shafts In the same neighbourhood. 


0» TJTK OCCUllBKNCE OF AHOENTl FEBOUS GaLEWA AND COPPBE IN THE DISTRICT OF 

Manuh^m, SOUTH-WEST FBONTiEE OF BENGAL,—by V. Ball, Bsq., B. A., Geological 

Survey of India. 

Altliongh the greater portion of tho district of Manbhum consists of metamorphic and 
Bnb-metamori)hic rocks*, both, but especially the latter, likely to contain ores of the useful 
metals, hitherto no discoveries of the existence of any appear to have Ixjcn recorded. 

The occurrence of gold in the streams of Mfoiblifim and tlie adjoining districts hjis, 
however, long been known. Its mode of occurrence has already been described in these 
pagesf. 

During my geological examination of Manbhi'im, tho discovery of galena or load ore was 
made in the following manner:—When at Dadka, a large village forty-five miles south-south- 
east of Purdlia, which is the sudder station of Manbhum, the Ghatwal brought to me a small 
piece of galena which bad been given to him a few years before by some Kumars, He did not 
know what it was, but used some of it instead of Swrma or antimony for the purpose of 
anointing the eyes of his female rftlativos. 

By enquiry from the Kumars of the neighbourhood, I was, after several failures, at length 
enabled to trace the sour^ fi-om whence the galena bad been obtained. The lode, for it 
jpreved to be such, had been struck some yeai-s previously by some Kumars who were search¬ 
ing .for iron on the side of a bill formed of mica schist, in which there are a number of 


Klatvs, <|uarlzit(!8, ficlilsts, &v. 


t Eccorde, 1869, II. 
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veins or small lodes filled with brown hsumatite. This hill is close to a dUi ciillcd Jani.jour, 
where there is an outlying house of the village of Dekia, which lies about a mile' cast 
from Dadka. 

I could not ascertain that the Kumara had met with galena in any other x>art of the 
neighbourhood, though excavations for iron wore plentiful. 

Having found traces of galena 4)n the surface, 1 proceeded to excavate, and soon obtained 
R number of fine specimens of the ore. It occurred quite independently of the bedding of 
the schists, sometimes in lenticular masses five or six inches long surrounded by quartz, 
and sometimes in a gangue principiilly composed of brown hwmatite and quartz; these 
appearamws justify the conclusion that tin's is a case of a true lode. Owing to the excessively 
jungly and broken condition of the ground, I was unable, during the i)eriod of niy brief 
visit, to trace the lode for any distance, and for the same reason 1 was unable to ascei^in its 
exact width. Although, therefore, much remains to be ascertained regarding it, still, so 
far as it has been examined, the indications may be affirmcid to be promising. All 
who have given the least atttmtion to the history of mining are aware of the capricious 
character of lodes, and of the impossibility of fonning even an approximately correct opinion 
as tt» the value of any particular one—which is not laid oiMsn by a natui-al section—until 
some outlay for excavation Las been incurred. 

In addition to the fact of the existence in any part of this country of such an ore as 
galena—supposing it to be in quantity—there are many collateral questions and conditions 
to be considered and ascertained before the commercial value can be ])ropcrly estimated ; of 
these the nio.st important are the presence or absence of other valuable ores or metals in 
association with the principal, the abundance and quality of labour and fuel to be obtained 
on the spot, the means of can'inge with the distance of the nearest mart, and, x>orhaps, not 
of least importance, the healthiuess of the locality. 

With regard to the firet qup.stion, the assay of some of my specimens by Mr. Tween has 
proved the presence of silver in the unusually large proportion of lit) oz. 4 dwts. 16 grs. 
jier ton of lead*. The assays of most other Indian galenas have given a much smaller amount 
than this. In Europe, from 35 to 4t) oz. per ton is considered quite above the average yield, 
and argentiferous galena containing very much smaller amounts is frequently worked for 
silver with profit. 

Mr. Tween has also ascertained the presence of antimony in combination with the lead. 

Regarding the amount of coolie labour to be obtained, I have no hesitation in saying 
that it would be abundant. Such was found to be the case in Siiiglibhum, when the Oopfier 
Company was at work tliere. 

Of the fuel, it is not easy to 8])eak with so much confidence: undoubtedly there is a very 
considerable amount to be had close'by, as the locality is almost in the centre of the 
lieavicst tree jungle in Manbhdm ; but all experience goes to show that such a source of 
supply is very precarious and uncertain. Possibly it might be found more economical 
to transmit the ore—should it ever be worked—to the neighbourhood of coal, rather than to 
attempt smelting on the spot. 

The means of carriage are indiflerent, or rather bad. Diulka is connected wilh 
Purulia Ify a pp*tuilly finished road, without bridges, which was commenced during the 
famine. From Purulia to the Barakar Railway Station there is a road which has for many 
years been in the hands of the Public Works Department, but is still fiir from finished. The 
distance by these roads is about ninety miles. From Dadka to Midnapore vid Silda, the 
distance over bad roads would be about seventy raik». From Midnapore the ore or metal 
might be sent by canal to Calcutta. 

The climate is not generally considered healthy for Europeans ; still there are many 
worse places in the district. Doubtless the removal of the heavy jungle would ultimately 
produce a beneficial effect. 

The nearest locality to this at which lead has been discovered is at Hisato in Chota 
Nagpdr. The antimonial galena from that locality has been described by Mr. Piddington.f 
Prom the first specimens sent to him by Major Ouseley he obtained silver in the pro¬ 
portion of 70 oz. per ton of ore; but other specimens subsequently received did not contain 
a trace of silver. 


• This proportion may possibly not be constant tbrouKhoat, 
t Jour., Asiat. Sou., Bcniral, XI, p. li»2i XII, p. 730, XV, p, (H. 
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Coi'PEJl Ob£8. 

Copper ores luive been discomrcl in two loesilities in Mdnbbiim. The principal is 
situated on tlie crushed and faulted junction of the inetamorphic and sab*metamurphic 
rwks about one mile north-east of the village of Poordah, Perguiinah M4nbazaar, or about 
thirty miles from Purulia. 

The rock in which the ore occurs is a coarse mica schist, which is traversed by nu- 
merouB veins of quartz. Whatever the amount or quality of the original ore may have btien 
which existed near the surface, it has nearly all been removed by natives, slight stains of 
the carbonates of copper on the schist and quartz debris alone remaining to indicate the 
object for which the numerous excavations which occur along the outcrop have been made. 

These ancient excavations at the time of my wisit were filled up, some with water, 
others with debris, which circumstance, coupled with the fact of the ore having been 
removed, rendered it difficult to form a decided opinion as to the precise nature of the 
deposit. Subsequent examination of the numerous and often well-exposed cojtper ore deposits 
of Singhbhura*, which appear to be of mixcxl character (generally the or<! occurs disseminated 
through regular beds of schist; but departing from this rule, it occasionally occurs in 
true lodes), has induced me to bc'lievc that these ill-seen Manbhum ores also occur in a tw<^- 
fold manner. It is possible that the copper-beai-ing beds of Manbhi'im may belong to the same 
Geological Zone as those of Singbbhtim; but there are argiiments against, as well as for, this 
view. The whole question must be treated in greater detail than is now possible. 

The second locality at which copper occurs is near the village of Kulianpilr, or 
about thirty-two miles due west of that just noticed. It is on a small hill formed of schists 
and quartzites, which in one place are stained and encrusted with the carbonates of 
coi)por. There is an amuent excavation on the south flank of the hill. So far as it is possible 
to judge, the dj'posit seems similar to No. 1. It is not improbable that the oiv may be found 
further westwards, bnt I did not sjicceed in obtaining any trace of it in the section expos(>d 
in the Subanrika river. There is a small quantity of slag at the bottom of the lull, which 
indicates that the ore which was found here was smelted on the spot. 

The small indications of ore to he seen at the two localities mentioned above are cicrtainly 
not sufficient _to_ justify any expenditure for excavating, more especially as the attempts 
to work the similar, but vsistly more extensive copjier deposits of 8inghbhum, have ind 
hitherto proved to be remunerative speculations. 

Various rumours of the occurrence of ores of tin and copper in different parts of 
Mdnbhilm have from time to time been promulgated ; bnt the supposed ores of the uutiv 
valuable metels have generally proved to bo either some form of iron ore, the green mineral 
epidote, or a hrouze-coloured mica. 

30//< J«wc 1870. 


DONATIONS TO MUSEUM. 

Ayril 'ind .—Specimens of salt from the Sauibur Lake. R. M. Adam, Esq. 

„ 25^A.--S{iecimeu of petrified grass (rushes) from Java. Mbs. Banziubb. 

Mag Is#.—Two earthen pots from the Andamans and Nicobar Islands, a few stone 

implements, and fragments of pottery from the Andamans. 

Eeiio. Stoiiczka, Ph. n. 

l«#.—A cup carved in serpentine from Skardo, Little Til)ct. Ditto. 

„ Twenty-one ornamental (cai ved and moulded) bricks from Kishnagurh. 

Mbs. Wood. 

Jvnc l;W.—A perfret crystal of oxide of iron, pscudomorphic of iron pyrites, from 
■the foot of Sinawur hill, at head of the Suddoom vjdW. 

Captaiiv T. T. Caktee, e. e. 

„ 29#A.—A complete aeries of trols, used in South Staffoi-dshire for sinking colliery 

pits and for working coal and ironstone. S. Minton, Esq., Dudley. 


lead w wSlTikThlXaUd!*®'** in a foture number in the map accompanyhig whub the posiliou of the 
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la addition to the above, we have received many apecimena of various kinds Cor aastiy. 
or examination, among which some of the more impoiiaut were of iron ores from various 
localities. 

Tlie results of a rtxjent soarcli in the neiglihonrltood of ]dazdrib%h yielded t«o Dr. Coiitcs 
and Mr. Donaldson a considerable variety of ores, the principal of which were from 
the Karanpura coal-field and its vicinity, examined sometime since, but not ]mblished from 
want of a corrwt map. The following niinibers show the peroentage of metallic inm con¬ 
tained in each. Of course this is the full percenhige, and this proportion would not Ik* 
obtained in manufacture. As the details of these researches will Ira given elsewhere, we only 
give the localities and percenbiges lierc :— 

Belhargadhsi ... ... ... ... 3(>‘6 jrar w'lit. of iron. 

Chej)ojugra in the Karanpurd valley ... 6(j‘8 „ 

Mui'ui Kalan ... ... ... ... 1(>‘4 „ 

Gondalpura ... ... ... ... 37’3 „ 

Arahdra stmara ... ... ... ... 42'12 „ 

Ardhara vilbige ... ... ... ... 11‘2 „ 

Seam 12 feet thick in Danuida ... ... 2o'6 „ 

Mamlu ... ... ... ... 33-8 

A specimen, fotmd loose, to the north-west of ITazdrihfigli yielded ()8'7 per wmt. With 
the pxc4‘ption of this, which is magnetite, and of the Uclhai^adhii specimen, all the others 
are varieties of clay-ironstone. 

From the Wun District, East Bcrar, the Depnty Commissioner forwaixled several ores 
for assay. Some of these were fine rich brown haematite traversed by crystalline ve.ins of 
the pure mineral; these varieties were assayed, yielding, respectively, 60'4, 66'3, and 44‘0 per 
cent, of iron. If with these we take the j^rarcentago of the pure limoniie, we will have—• 

632 

60-4 

66-3 224 • n c er. . 

, or an average yield of 66 per cent, ol 

metallic iron. There are distinct tracew of phosphorus. These specimens were from veins of 
segnjgation traversing the beds; but some of the beds themselves arc rich and useful ores 
yielding 48'0 and 45'8 per cent, of iron. 

In the immediate neighbourhood of these ores heaps of old slag are scattered over the 
ground. These shigs, the result generally of very crude and inefficient mcthiKls of smelting, 
often contain a very large dose ol‘ iron, and it was inten'sting to examine them. Two speci¬ 
mens were assayed ; and one yielded 38'(), the other 34'8 per cent, of iitm—an amount which 
would be ample to pay for re-smelting these slags in conjunction with other ores. 

In the Ycnak hills, which occur west of the village of that name, near the river 
Paingangd, in the southern part of the Wun District, East Berar, Mr. Hughes and Mr. Fedden, 
during their recent examination of the country, traced over an extent of some five to six 
miles in length two thick betls of conglomerate (nowhere less than nine feet) containing a 
large proportion of rolled lumps of a very rich Inematite. This on assay yielded no less 
than 68’6 iiev cent, of iron with a trace of phosphorus—no manganese. 

All those are rich and valuable ores of iron and occur in la^e abundance. The noted hill 
from which much of the ore smelted by the natives in North-Eastern Chanda is derived, the 
Lohara hill, near Bissanpuri, is one mass of iron-ore of a couple of miles in length. A 
specimen brought by Mr. W. T. Blanford proved to Ira nearly pure B{racular iron with a 
proportion of magnetic iron, and yielded to assay 70 per cent, of mi^allic iron! 

ACCESSIONS IK) LIBRARY. 

Fbom 1st Afbii. to SOrn JrNE 1870. 

Titles of Books. Thnors. 

Arbeiten der geologiscben section fur Landesdurchforschung von Bohmen, lioyal 8vo., 

Prag, 1869. 

Babbanub, J.—Systhrae silurien de la Boheme, Vol., VI, 1 Texte, Distribution, Pt. 2, 

PUiuches, 351-460, 4to., Prag. 
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Otjdh.— Records, Government of Ondh, in Public Works Draartment, No. 20. Progress 
^port of Forest Administration in the Province of Ondh for 1868>69, 
flsc., Calcutta, 1870. Govt, of Oudh. 

„ Report on the condition and management of jails in the Province of Ondh for 1869, 
flsc., Lucknow, 1870. Govt, of Oodh. 

„ Report on the Police Administration of the Province of Ondh for 1869, flsc., Lucknow, 
1870. Govt, of Oudh. 

PoNMB.—Selections from the Records of the Punjab Government, No. VII, 8vo., Punjab. 

Govt, of Punjab, 


Teansactions of Societies. 

Beblin.—M onatsbericht der konigl. Pruss. Akad., January to April 1870,8vo., Berlin, 1870. 

The Academy. 

CaIiCUTTA. —Journal Asiatic Society of Bengal, Vol. XXXIX, Part I, No. 1, Part II, No. 2, 
8vo., Calcutta, 1870. The Society. 

„ * Proc. of Asiatic Society of Bengal, Nos. TV and V, 8vo., Calcutta, 1870. Ditto. 

FliOEBNOE.—^R)llettino Comitato Geologico d’ltalia, Nos. 2 and 3, 8vo., Italy, 1870. Ditto. 

Lausanne. —Bull, dc la Socidt^ Yaudoise des sci. naturelles, Vol. X, No. 62, 8vo., Lausanne, 
1869. The Society. 

London.—J ournal of the Society of Arts, Vol. XVIII, Nos. 897-911, 8vo., London, 1870. 

The Society. 

„ Proceedings of the Royal Society, Vol. XVIII, Nos. 116-118, 8vo., London, 1870. 

The Society. 

„ Quarterly Journal of the Geological Society, Vol. XXVI, Pt. I, No. 101, 8vo., 
London, 1870. The Society. 

„ Proceedings of the Royal Geographical Society, Vol. XIV, No. 1, 8vo., London, 
1870. The Society. 

Falebuo.—G iomale di scienze natural! od economiche del consiglio di Ferfezionamentodi, 
Palermo, Vol. V, Fasc., 3 and 4, Part I, 4to, Palermo, 1869. 

Fabib.—B ulk de la Sooidtd Gdologique de Prance, 2ad Ser., Vol. XXVI, Nos. 4 and 6, 

8vo., Paris. The Society. 

„ ATinaiftB des mines, 6me. Ser., Tom XVT, Livr. 6, 6, 8vo., Paris, 1869. 

PhiulDBIiFBU.—J ournal of Franklin Institute, Ser. 3, Vol. LVIII, Nos. 6, 6,1869, Vol. LIX, 
Nos. 1-2,1870, 8vo., Philad. The Institute. 

St. PBTBBSBtrBH.—^Bulletin de 1’ Acad. Impdriale des Sciences de St. Petersburg, Vol. XIV., 
Nos. 3 and 4,4to, St. Petersburg. 
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BEFOKT on THB PEOGBE88 AND HK8TJDTS OF B0BIN08 FOB COAt IN THB GodXtABI 

Vailby nbab D6mag6dbm and BhadeAchalam, by W. T. Bianfobd, F. G. S., 

Deputy Superintendent, Oeokgical Survey of India. 

The occurrence of fragments of shaly coal in the bed of the God&varl close to the 
spot where the T&l river joins it from the north, about twelve miles above Diimagudem, has 
been known for several years. It was noticed by Mr. Wall in his report of his journey to 
Kota nearSironchX in 1867, and the coal was hy him supposed to be derived from the T&l river. 
An examination of the T&l for a considerable distance above its junction with the Godavari, 
however, having proved fruitless. Colonel Haig, the Superintending Engineer of the GodAvari 
Navigation Works, asked me to examine the spot when I was marching down the valley in 
May 1867. I found that in the T&l, near its junction with the God&vori, the only rocks 
exposed belonged to &e T&lchir group, whilst the Damuda shales and sandstones, whi^ alone 
have been hitherto found in the Indian Peninsula to contain coal, appeared at the spot where the 
smaller stream joined the God&vari, and I suggested that the coal probably come from a seam 
buried beneath the sand of the river, and advised exploration by digging away the sand 
and closely examining the rocks. This was done by Mr. Yanstavem, Executive Eugmeer, 
and resulted in the discovery of coal in four places, aH a little lower, down the river than 
the mouth of the T&l, so that the bed from which the fragments first found were derived 
has not yet been detected, but as a large quantity of silt and sand has been accumulated 
near the mouth of the T&l of late years, it is probably now covered to a oonsideiable depth. 
The quality was inferior. Of the seams found, two, neither of them exceeding 2 &et in 
thickness, were detected close to the left bank of the river, opposite the village of Ling&I&. 
The quality of the coal is rather inferior, and both seams thin out and disappear within a 
few yards; inoreover, as the dip of the rooks at LingalA is towards the river bed, or south* 
west, and the outcrop exactly parallel with the hank, it is clear that the beds, even if of good 
quality, could not he easily worked at this spot, as the whole of them withm any reasonable 
depth must be beneath the bed of the river. 

The third seam found crops out in the mid^ of the river bed ; it is about 5 fret thick, and 
the quality appears heti^ than in the other seams. The of sandstone resting on this coal 
can ^ fairly traced at mteri^ for some distance, and after running along the river for about 
a mile, it turns in towards the right w south-west hank. Here its course becomes obscure. 
Borings were put down by Mr. Vanstavem near the spot where the coal would probably crop 
out on the bonk, but without success. Another thin seam, only 2 feet thick, has also been 
detected by Mr. Vanstavem on the righ^bank of the river. This, like the two find met 
with, thins out within a few yank in one dhreetbu. 
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I reached Dtunaglidem on the 25th December 1870, and learned from Colonel Haig that 
besides the coal at Lingdld near the mouth of the Tdl, some had been reported farther down 
the river at a village named Madav&ram below Bhadr&chalam. This place is below 
the first barrier on the Qod4vari, and is consequently at all times in free communication by 
water with the coast, whilst Lingala is above the first barrier, and although communication 
is now possible during the greater part of the year, it is not easy for laden boats except for a 
few months. At the spot where oeal was said to have been found, I could detect nothing except 
some shaly dark coloured sandstone, but the rocks around were unmistakeably Damudas 
and there was every reason to hope for success in the search. 

An examination of the gi'ound showed that the Damudd rocks extend for a short 
distance on both banks of the river, but that sections are very few and imperfect. On the 
left bank which belongs to the Upper Godavari* districts, there are scarcely any rocks 
visible except at the hills near Daorpali, and these are probably of a higher group, nearly the 
whole surface elsewhere being covered with alluvium. The beds appear to extend about 
six miles along the river from Gogub&kd to Nandigur, but not more than from a mile to a mile 
and a half from tlie bank. On the right (south) bank of the river they extend about five 
miles from Palaram to the bend below Madavaram, stretching for a mile and a half' to two 
miles inland. Above Palaram there is a break occupied by metamprphic rucks for a mile 
and a half; above this, again, at Pundigfil the Damddas re-appear and occur for about 
one and a half miles to a little above Amravdram, then they are covered apparently by 
the Kdmthls, but the two groups hero resemble each other so much in mineral character 
that their limits are difficult to define, especially as nearly the whole surface of the country 
is thickly covered with alluvial deposit. The Damudas near Amravaram cannot be traced 
mom than about a mile and a half from tho rivci'’s banks, beyond this limit they are entirely 
overlapped by the Kumthis. 

Along the right (or south) bank of the Goddvari a tolerable section of the Damddas 
is exposed, consisting of conglomerate, sandstone, shale and clay, but no coal. There are, 
however, many breaks in the section, and it is evident that an examination of these by boring 
would prove conclusively the presence or absence of any bed of coal extending over the whole 
* field. Local beds, of course, might be found elsewhere, but their value must bo comparatively 
smalL It is also manifest that a thorough exploration can only be made south of the 
river, as to the north the beds are so much concealed that, except in a few spots, all borings 
must be put down at haphazard. 

The general dip seen in the river’s bank near Madavdram is to the westward, the rocks 
at the village being inclined at a high angle and much broken and disturbed; a short dis¬ 
tance to the east down the river there is an anticlinal, at the spot where a small stream enters 
the river. Prom this point eastwards to the bend of the river, a distance of less than a quarter 
of a mile, the rocks either have a low dip to the east or are horizontal, and the prevalence 
of conglomerate shows them to bo in all probability near the base or limit of the formation. 

It is evident that the anticlinal exposes the lowest rocks to he seen on the river hank, - 
and that a boring at this spot must penetrate beds lower in the series than any exposed 
elsewhere. On the arrival of the boring tools, I arranged with Mr. Vanstavem for a borehole 
to he begun at this spot. This was commenced on January 17th and carried on until April 
12th, up to which time 192 feet had been penetrated; the borehole was then stopped in 


* 1 do not know niio bestowed this name on the districts, but tt is an absurd, misnomer. The Upper Goddvaii 
!.ean onlr be teat portion of the river's course above its junction with the Fronhitd, if not higher still, where it 
traversea tho Bombagr Prealdenor. Slronohd at' the upper extremity of these “ Upper Ooddvari districts” is 210 miles 
aa the crow ffioa ttaso. tee mouth of the nvor and 400 miles from ^ sonroe I 
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consequence of the tools being required to prove the coal discovered on the opposite side of 
the river. The section passed through was— 


1. —Brown sandstone 

2. —Shale and clay of varioas colours, mostly dark-^y 

'Coal and shale mixed ... ... 

j Bark-grey shale ... ... ... ... • 

Ditto ditto with fragments of coal 

^ Ditto ditto ... 

4.—White sandstone, conglomeratic in places, with thin beds of 
towards the base 

6.—Shale and clay with a little sandstone .. 

{ Coal ... 

Block shale and coal 

7.—Dark-grey shale with a few fragments of coal in two places ... 

8.—White sandstone ... ... ... .., 


Kt. In. 
... 24 6 
... 21 1 
... 0 8 
... 0 7 

... 0 8 
... 18 8 
shale 

... 63 8 
. . 37 2 
... 0 8 
... 1 4 

... 26 1 
H 4 


1»3 6 


I next arranged for a series of fourteen borings to explore the portions of the section not 
exposed in the river banks to the west of Madavaram between that village and Diimarcherla. 
Tliese varied in depth from 0 to 200 feet, according to the extent of the breaks in the 
section, and the plan proposed was that all the smaller boreholes not exceeding 36 feet 
in depth, nine in number, should be made by jumpers with extra lengths of light rods to 
screw on. The remaining five boreholes alone would require the use of the heavier boring 
rods. In the ground opposite Madavaram no boreholes were put, because the breaks iu the 
section are trifling, and the disturbance so great that there is reason to believe that a repeti¬ 
tion of beds takes place. 

To the west of Damarchorla one wJp^flMitional boreholes might have been rcquiriMl, 
hut a little beyond the village the beds^rn up, dipping cast, and then roll over again, and 
just beyond the small anticlinal, very unpromising conglomerates, perhaps belonging to a 
higher group, come in, in which there is no break of section which could conceal a coal scam. 
Two or three small jumper holes were put down to the east of Madavdram. 

Of the holes proposed six wore carried out, viz., four jumper holes and two boreholes, 
when peremptory orders were received from the Government of India to discontinao all 
boring operations in the Nizam’s dominions. It is doubtful whether the boreholes in the 
bed of the river were in the Nizam’s dominions, but pending a reference to the Government 
of the Central Provinces, one set of boring tools was moved across the river into British 
territory in order to test some ground near the boundary of the field, and close to the base 
of the measures, on a horizon which did not appear to have been proved by the borings on 
the opposite bank. 

It should be stated that the borings, so far as they had been carried out on the right 
bank, had shown the existence of sandstones and shales similar in every respect to those 
seen in the bank of the river, except that in two or three instances small fragments of coal, 
proving the existence of very thin seams, probably not exceeding two or throe inches in thick¬ 
ness, had been brought up by the borer. These little seams, although absolutely worthless in 
themselves, are of importance, as indicating that the mineral does occur in the bods, and 
that hopes may be'entertained of larger seams being found. 

The place selected for a boring on the north or British bank of the Godavari was on 
the right or west bank of a stream called the Gan&r, rather less than half a mile from the 
GkidBvari, and about the same distance east of the village of T&tpali, at a spot where some 
brown sandstone, dipping to the south, is* seen on the bank of the watercourse. A little 
more sandstone of the same kind is seen up the stream to the north, and then mctamorphics 
crop out, the latter appearing about 600 yards north of the spot selected for boring. For 
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some distance east and west all is alluvium. It was Loped that a borehcie at the spot 
selected would afford a section of the lowest Damiidd beds ; lower than any passed through 
in the boring east of Madavdram. The borehole was commenced on the 12th April, and the 
section traversed was— 

(No. 1). 


Soil and Rravel 



Ft. In. 
... 8 a 

*1.—Brown and yellow sandstone 



... 25 0 

rsiialo, pale above, darker below 

• 11 


... 7 0 

1 Coal ... 



3 0 

2 J l>o. mixed with ebalc 
' j Dork oarbonacoouB shale 



1 0 



6 0 

1 Cbal 



3 0 

(.Dark shale with 2 inches coal 



6 0 

3.->White sandstone ... 

... 


... 27 0 




80 0 


The higher 3 feet of coal appears to be of better quality than the lower; an analysis 
of the small fragments washed from the samples brought up from the borehole gave the 

following (average of three samples from three different levels)— 

Voistiio ... ... ... ... ... ... srt 

Carbon ... ... ... ... ... ... 42*7 

Ash !•« (li ••• 19-6 

1000 

The volatile portion comprised 10*8 per cent, of water. This is by no means a good 
result, but still some use could be made of such coal, and it should bo remembered that 
analyses of such samples as are obtained from borings are only approximations, although 
they are usually not far from the true composition. 

When I heard of the discovery of coal I was about forty miles from the spot. I marched 
to it at once, but before I reached it, Mr. Hcppel, who was carrying on the borings, had 
commenced a second borehole on some sandstone in the bed of the Gan&r stream below No. 1 
borehole at a distance from the first of 125 yards south'oast by east. This (No. 2} gave the 
following remarkable section 


(No. 8). l.*-Tellow and brown soadstono 

'Shale, portlr dorh-^^ey, partly 
Cbal 

Shalo ... 

Coal 

Shale ... 

Cbal 

Shade ... 

Goal 

Shale ... 

2.-< Cbal ... 

Shale ... 

Coal ... 

Shale ... 

Coal 

Shale ... 

Coal (ahaly) 

Shale ... 

Coal ... 

(.Black Bbale 
8.—White aandatone 


bnff 


Ft. In. 
28 0 


1 
2 
2 
0 
0 
1 
1 
1 
1 
1 
1 
1 

0 10 
1 0 
9 8 
1 0 
1 4 
0 8 
6 0 
8 2 

60 8 


* 7he ttomben 1, 2, 8, before Oie several beds In the aeotlons indicate those which are supposed to be repre> 
■entatlTe of the same part of the series in each. 
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Altogctbor the combined bed of shale and coal measures 29 feet 6 inches, of which 11 feet 
8 inches is coal, but the bands of coal and shale are intermixed in a way which would much 
increase the cost of working the seam. The astonishing change, however, in so short a dis¬ 
tance as 125 yards from a bed 25 feet thick containing 7 feet of coal in two well defined soains 
exceeds anything usual even in India, amongst the very variable seams sometimes mot 
with in the Barak4r group, and this amount of change within so short a distance rendered 
it doubtful whether the seam could be traced to any distance. 

It was now desirable, 1st, to ascertain the extent of the seam, and 2nd, its quality. For 
the extent two boreholes were put down, one to the east, the other to the west, at a distance 
of about one-third of a mile from No. 1, on the supposed strike of the coal seam. All 
the ground east and west for a considerable distance being completely covered by alluvium, 
the true strike could only bo inferred from the line of outcrop of the metamorphic rocks 
to the northward. To the east the borehole (No. 4) was a complete failure. It was put 
down in an open plain north of tho village of Qanara. It passed through 34 feet of earth 
and 18 feet of quicksand, in which no further progress could be made, as the sand filled the 
tube faster than it could be removed by the “ pump” or mineral lifter. A second borehole 
200 yards farther south (No. 5) was equally unsuccessful. After passing through 22 feet 
of soil and 24 feet of quicksand it also had to be abandoned. Them was not time for more 
attempts in this direction. 

Tho boring to the west (No. 3) was on higher ground, just south' of the village of 


Tutpali. It gave— 

Pt.Tn. 

(No. 3). Boll and gravel ■R« ••• ••• 3 7 

IP Bandstono, yellow, brown, and red ... ... ... 29 9 

rPalc eulourcd sbalc ... ... ... ... lO 0 

2 P Bed and yellow Bandstono with some shale ... ... 7 0 

(Sbalo, pale and dark ... ... ... 13 0 

3P White sandstone with a little shale and brown sandstone ... 24 8 


88 0 

In my absence this borehole was stopped by Mr. Heppcl, and another (No. G) started 
250 yards to the south-east. This was on somewhat lower ground, aud as the beds dip south 
at a low angle the section is probably that of the same beds— 


Ft. In. 


(N 0 . 0 ). 

IP 

Soil 

Brown sandstone ... 
fBuff shale ... 

••• 


... 11 0 

... 13 10 

0 0 

• 

2?- 

8? 

Red sandstone 
[Dark shale 

White sandstone with darker bands 


a 0 
... e 0 

... 46 0 


84 10 


These sections I am strongly inclined to believe are in the same beds as Nos. 1 and 2. 
We have the same general succession, brown and yellow sandstone above, then a thick bed of 
shale, and then white sandstone. 1 have recommended that one of the boreholes should be 
carried out to a greater depth on the possibility of these beds belonging to a higher horizon, 
but I cannot think this at all probable. The evidence afforded by these boreholes appears to 
indicate that the coal thins out and disappears to the westward within a short distance. 

Meantime a locality for a small pit had been selected up the Gan4r stream 350 yards north¬ 
east of No. 1 borehole, at a spot where some yellow sandstone, just like that immediately over 
the coal, crops out in the bank of the nala, in the expectation that this would be close to the 
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outcrop of the coal, and that a sinking of a few feet would produce abundance of coal to 
enable the quality to be fairly tested. A jumper hole, subsequently deepened by boring 
(No. 7), was put down in order to ascertain the presence of the coal. This gave— 

Ft. III. 

29 6 
24 0 
6 0 
1 3 
26 3 


87 0 

showing that the beds are nearly flat, and that a great increase of thickness in the shale has 
been accompanied by a diminution in the coal. A pit was therefore commenced close to No. 2, 
but when it was only 13 feet deep, the quantity of water met with retarded progress so much 
that it was considered advisable to commence another on the high ground 30 yards west 
of No. 1, as, although it would be a little deeper, it would not be equally liable to flooding, 
and might be used for the extraction of coal. A borehole has shown that the section is 
the same as at No. 1. This pit is now in progress. 

Meantime one more boring (No. 8) was made only 200 yards west-by-north from No. 1. 
The section was— 

Ft. lu. 

10 5 
4 0 
8 0 
3 0 
2 0 
14 3 
13 0 
21 7 


78 0 


This boring was in progress when I had to leave at the end of May, and I have not yet 
received accounts of its completion. Thu enormous thickness of shale recalls the section in 
No. 7, and both sections may possibly be below the white sandstone which underlies the coal. 
But it is more probable that the shale represents the shale and coal found in the two first 
boreholes. 


(No. 8). BoU and in«vol 

1.—Coarse brown sandstone 
TLight coloured and bulT shale 
I Bed sandstone 
2 ] Light blue shale ... 

* j Bod sandy clay 
I Variegated clay 
iDork sbolo 


(No. 7). 1.— Yellow sandstone 

shale 
1 Dark shale 

VDoik shale ... 


Lastly, as the absence of coal had been proved to the north-east and west, and no borings 
had been found practicable to the east, while the ground to the south appeared equally 
^unfavorable for boring, except at a place on the bed in the Goddvari where operations might 
at any moment, at the season now reached (June), have been stopped by a rise in the river, a 
borehole was recommended 600 yards south of No. 8 and south-south-west of No. 1. This 
(No. 9) has given the following section, sent to me by Mr. Vanstavern since my arrival in 
Calcutta— 


(No. 0). 


OUU ... «.• 

•—Brown aandstone and conglomerate 



'Dork shale 

*44 .at 



Ironstone 
Shale ... 

Cotd 

*•* tie ... 

eea .«• 

••• •«« 



.Shale ... 

'** ••• ••• 




FI. In. 
39 0 
23 0 
3 0 
2 6 
2 0 
1 6 
2 0 


78 0 
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Ft. In. 
7S 0 


'Coal 

..t 



3 1 
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The section is remarkably like that at No. 2. It decidedly strengthens the evidence 
in favor of all the boreholes having passed through the continuation of the same beds, for 
wo have in this case a great thickness of shale as in Nos. 7 and 8, with the coal as in No. 2. 
The total thickness of coal as yet proved in this last borehole is 10 feet 7 inches. 

To snm np the evidence: the presence of coal has been proved over a small area which 
contains probably 26,000 tons, or rather more, of which quantity it is as well not to assume 
that more than one-half can be profitably extracted, owing to the great admi.xture of shale. 
It is probable that the seam may be traced for some distance to the south, because the amount 
of coal, BO far as is known, increases in that direction, but it is hardly likely that a seam 
which thins out and disappears within so short a distance as 200 yards can be depended upon 
for any long distance. The quality has not yet been accurately ascertained. If on cutting 
into the cool it is found to burn fairly, a considerable quantity may be extracted, far more 
than sufficient to well repay the expenditure incurred in boring, but, except in the improbable 
case of the coal continuing for a distance to the south and east, no permanent supply can be 
depended upon from this locality. The great admixture of shale and the variation in the 
scam will render it necessary to mine a large quantity of useless rock, and this will increase 
the cost of the coal, but in a country where no other supply exists, this alone should not 
prevent the coal being worked. 

The locality is most favorable. The river is within half a mile when full, and about a 
mile daring the dry season, and so soon as the coast canals are completed, it will be in cons¬ 
tant water communication with Madras. 

In conclusion, I would recommend that the remainder of this small tract of coal-hearing 
beds be thoroughly explored, as, even if no extensive seam of coal ho found, a considerable 
quantity of useful fuel might be discovered, which would be available on an emergency. 
North of the river a borehole should be put down below the high bank at Rajgtimpa, at a 
spot where conglomerate is seen in the river bed, in order to test if the coal continues so far 
to the south-east. A boring might also be made where sandstone occurs in the stream 
north-east of Gaoriopeta, and another south of the large tank near Egerpeta, west of T4tpali, 
and one of the boreholes already sunk, for preference No. 1, should be continued until the 
metamorphicB or Tdlchfrs are reached. There is little chance of good from any further 
exploration on the north bank. On the south or right side of the river, the series of borings 
planned west of Madavaram should be carried out. The small breaks in the section near 
Amravaram might be explored in the same manner, and especially a spot above the 
mouth of the large stream which enters the Godavari just above the village, as small 
fragments of shale and coal are hereabouts scattered along the edge of tlie river, and may 
indicate a coal seslm below the sandstone exposed at a place where there are some bushes 
beneath the bank. 
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If all endeavoare to find a permanent coal supply in this locality fail, an eventuality 
for which we must be prepared, the next chance is near Ling41&. Here I consider further 
exploration in British territory as almost hopeless, the Talchlrs must crop out everywhere 
below the mouth of the Tal close to the river bank, so that the Damfidds ai'e confined, or 
nearly so, to the bed of the river and the country on the opposite side. Above the mouth 
of the Tdl for some distance it is simply impossible to say what exists, for the whole 
country is covered with thick alluvium as far as Cherla, where the only rocks that are 
known to occur appear to mo undoubtedly Kamthis, and all the Damudds and Tdlchirs arc 
overlapped. The only plan by which any good can be done is an exploration of all tho 
breaks in the section exposed above tlie top of the Tdlchirs at Sangd>rsm on the right 
bank of the river in the same manner as I have recommended near Madava,ram. The dip 
varies from 10® to about 20°, and the depth to which the boring in each case must be sunk 
will be found by multiplying the length of the break by tho tangent of the angle of dip. 

I am under great obligation to Mr. Vanstavem for the very thorough manner in which 
he has aided me, and for his readiness to carry out every suggestion I made. Mr. Heppel's 
services in charge of the boreholes were invaluable; it is mainly due to his thorough 
knowledge of boring and to his hard work, in an intensely hot season and despite many 
difficulties, that so much has been accomplished in a short time. 

CALCTJTTi., 

July UU, 1871. 
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Note on the Nabbada Coai-basin, hy H. B. Medlicott, A. M., F. G. S., Deputy 
Superintendent, Geological Survey of India. 

From the point of view of uncertainty and of expectancy the Narbadd coal-fields are 
at present the most important in India. They are the nearest known source of coal for the 
great region of North-Western India, where so many miles of railway are either open, 
under construction, or projected. Even as communications now stand, with the circuit 
through Jabalpfir and Allahabad, these fields are much nearer than those of Bengal to 
tho Panj4b. When the rails are laid through Malwa and Gwalior the length of carriage 
will bo greatly reduced. Yet less is known regarding tho resources of the Narbadd area 
than of almost any other. The Warda fields have been comparatively recently brought 
to notice; but their value and extent have been so well established by systematic boring.,^ 
experiments that the working of them is now only a question of time and convenience. Until 
similar trials are made in the Narbad& fields the prospect of a supply of coal there must 
remain uncertmn, the naturally exposed sections of the rocks being so very obscure. There 
is an immense area beneath which it is possible, or even probable, that coal exists; but its 
presence and the depth at which it must be sought are still unknown. In connection with 
this there is an interesting question of stratigraphy to bo discussed, and which would be out 
of place in this brief notice of practical objects; the more so that I believe no amount of 
discussion upon surface observations could in this case finally settle the point or remove the 
neceraity for actual exploration. The occurrence of a fine outcrop of coal in a convenient 
position at the northern edge of the basin, and the formation of an efficient mining estab¬ 
lishment to work it, have, no doubt, contributed with other causes, such as the want of proper 
maps, to keep in temporary abeyance Jihe further exploration of the field; but it is evident 
that this should no longer be deferred. My brief report of last year (Becords, Geological 
Survey, Vol. Ill, Ft, 3,) showed how much need there was for information regarding even 
tiio seMps on the ^tirivd (at Mohp&ni) j how limited their known extension; how broken, 
crushed, and cron locivlly destroyed they are within those small limits; how urgent it was 
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to ascertain their extension beneatli the younger rocks to the soutlj. Although little inform¬ 
ation has been gained within the last twelve months, and that little not very eneoiupaging, 
the importance of the case makes it wortih noting. The following notes, in continuation of 
my last year’s report^ refer only to the northern side of the coal region: every endeavour 
should be made to find the coal there before attempting to work the distant outcrops of the 
Upper Tawa valley, on the south side of the basin. The localities to he mentioned in this 
paper may bo followed upon the small map attached to the report of last year, or upon the 
largo sketch map of 1859. 

During part of the past season I examined a number of sections along the northern 
side of the area of sedimentary rocks from end to end, but without discovering an outcrop 
of the coal-measure rocks (the Bar&kar group). This direct evidence &iling, the fact that 
has most encouraged hope of the proximity of coal has been the occurrence in several places of 
Talohir rooks, which so constantly underlie the coal-measures. The outcrop in the glen south 
of Futiehptlr was mentioned in last year’s report. A much larger spread of the same rock 
is seen at the edge of the plains south of Dh4bka, eight miles oast-south-cast of Sohdgptlr: 

' iigain, to east of the Sitarivd, half way between Chungaon and Hatndpdr, close on the west 
of Nibhora village. But even this evidence is open to doubt: in all cases the rock in 
question is indeed the lowest seen, and is identical with the well known Talchir boulder 
clay; but except for the boulders (which are not of large size) an identical clay is common 
in the adjoining Mah&ddva rocks, alternating with the more common mottled red clays. 
Thus, the identification of this boulder bed as Tdlchfr rests largely on the assumption that 
there is no such bed in the Mahadevas; it is certainly very different from the ordinary 
conglomerates of this series. It is moreover noteworthy that in the undoubted Tdlchirs of 
the Sitdriva section satidy rocks prevail: even the bouldcr-bcd is principally a sandstone, 
the clay being subordinate. 1 am, however, decidedly of opinion that the rock in the 
localities noticed belongs to the Talchfrs. The presumption thus gained in favor of the 
proximity of the coal-measures along this edge of the field is, no doubt, an uncertain one; 
but it is something; the Barikur and T41chir groups being about tlie two most constant 
companions of all the groups of the great plant-bearing series. It will probably be advis¬ 
able at some early date to make one or more deep borings through the M4h4ddv4 rocks 
at some littlo distance from the edge of the basin; but, as was urged last year, it would 
bo unwise to attempt this until it be seen what can be learned from the exploration of 
the Sitariva field as to the conditions of the formations in passing southwards. 

Very little has been added during the past year to our knowledge of the seams in 
the Sit4riv4 (Mohp4ni) field. What explorations have been made only bring into clearer 
view the greatly disturbed condition of rocks within the area exposed, and the corres¬ 
ponding deterioration of the coal. In the pits on the vertical seams at the north edge 
of the field the coal has become greatly squeezed-out at a depth of 100 feet, and along 
the strike westwards, being at the same time reduced to an useless paste. Some shallow 
excavations on the outcrops in the ravine to the north of the Narbad4 Company’s mine 
show the coal to be tremendously crushed and mixed with the associated rock; two strong 
trap-dykes here passing within a hundred yards of each other right through the measures. 
The trial boring at Pukuhi was carried to a depth of 110 feet. The i^ult was inconclusive 
and, in a measnre, unexpected. The sandstone, which from its position and general appear¬ 
ance it VBA thought might be the top-rock of the coal-measures, proved to be onlj^ a band 
in the ]!iI4h4ddv4s; the bore having gone through some 60 feet of the fypical nid clay^ 
beneath it. Below this, however, the bore passed through dark-brown and d^rk-grey, 
slightly carbonaceous, clay. Such a rock would he ve|pr unusual in the M4h4ddvis in ^is 
position; and would, on the contrary, fairly represent the top of the coal-measures in the 
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northern section on the Sitdriva; the two being, moreover, on the same general strike. 
Begarding the sonthem extension of the seams, where, it may be hoped, Miey become steadier 
and &rther from trap, no result has as yet been attained. The small trial-shaft and boring 
close to Bendr on the north-west not having proved coal within 60 feet, Mr. Taylor shifted 
his operations to a point south-east of the village, and well in on the Mah&ddvd rocks 
where ho is now boldly sinking a shaft. He could not, within his limits, have chosen 
a better position for making a thorough trial of the ground. According to the nearest dip 
soon (26°), and supposing no intervening fault, the shaft may have to be sunk 235 feet 
before striking the measures; but there is hope that the dip flattens, so as to lessen the 
depth. The shaft is now 98 feet deep, 92 feet of which were through an unbroken mass 
of mottled rod clay, locally silioifled and very hard, but all requiring to be cased up. 
The bottom 6 feet are in a firm, clear gray, sandstone-conglomerate. The plane of junc¬ 
tion, which (Mr. Taylor informs me) seemed regular, thus aflbrding a iair observation of 
the dip, sloped at 18° to the sonth-south-east. The prospects ai-e so far improving. The 
spirited enterprise of Mr. Jones, the present proprietor, deserves every success. 

In my small map of last year I marked some TAlchir rocks, with a query, on the 
south of Pnwaria village. A re-examination of that obscure section, later in the season, 
when the ground is less concealed, has convinced me that the rocks are Mah&d4va; thus 
making the suppression of the older rocks to the westward of the Sit4riv& much more rapid 
than was at first apparent. But there is no deciding as to the manner of this suppression; 
it may be altogether due to faulting or to' folding of the strata. The alternative suppo¬ 
sition to that of disturbance to account for this so sudden disappearance of the coal-measures 
would be that there is strong denudation-unconformity between the two rock-series. There 
are some puzzling sections about the mines seeming to corroborate this view of the case; 
still it is hard to get over the fact first adduced against it—that in the best exposed sections 
the succession of the rocks seems regular. And there certainly can be no objection now to 
the supposition of disturbance. The unpromising nature of the ground in this position, 
at the edge of the basin, is further displayed in this section at Pnwaria by the discovery 
of four strong trap-dykes, or at least outcrops (tho section is so flat one cannot positively say 
how the trap occurs), in a length of about three quarters of a mile. 

Several new outcrops of the lignite-coal in the Upper Mahdddva rocks have been ex¬ 
amined daring the post field season in the hills east of tho Sitarivd. They all bear out 
tho opinion already given on the subject. 

There remains to notice the coal near Lokart41ai at tho extreme west end of the basin, 
so far as exposed at the surface; the whole sedimentary series there passing beneath the 
trap, The coal-band here seems difleront to any yet noticed. It occurs (see small map 
annexed) at some distance from the boundary of the motamorphic rocks, being exposed in a 
trench cut by tho Moran across a flat anticlinal fold of the strata. The upper rock is a strong 
pebbly Mdh^dva sandstone, but on what exact horizon has not been determined, imme¬ 
diately beneath which come the earthy coal-bearing beds. There is the usual appearance of 
complete conformity; the upper rocks dipping at the same angles as the lower; and the 
same beds of shale being identifiable on both sides of the anticlinal; a thick bed of nodular 
and “fihaly, micaceous and carbonaceous clay is recognizable at a few feet below tho 
sandstone on either side. There are altoge&er about 80 feet of the lower rocks: 40 
to 60 feet at top are earthy, some of the layers of shale containing strings of bright coal. 
These are best exposed in the southerly^lbow formed by the river. They rest upon a thick 
mass of fine, sandstones, between which and a similar mass below occurs the principal seam. 
It is about 4 feet thick. What coal there is in it is very bright; but shale predominates 
in the, ^ass, and there is a groat deal of pyrites. Some explorer had last year cut a short 
dsUt into the seam and evidently abandoned it as worthless. This seam is about the lowest 
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bed exposed on the back of the anticlinal. I do not think that this band of coal-beai'inn- 
rocks belongs to the Barikar group. I rather think it belongs to those younger beds of 
the Dainud& series so largely exposed along the south base of the Pachmari range, and in 
which as yet no coal-outcrops of any promise have been found. Or, it may possibly belong 
to the MahMdvd series. I was not fortunate enough to find any fossils to determine 
this point; and owing to the isolated position it will be a very tedious matter, if even 
possible, to work out the question stratigraphically. 

Camp, I 
May 1871- f 


Sketch of the Geoloot op the Cekteal Pbovinces, by T. Oldham, P. R. S., Supdt., 

Geological Survey of India. 

^In connection with the valuable scries of Gazetteers which are now in course of pub¬ 
lication under the authority of Government, the Geological Suiwey have from time to time 
uiforded information to the officers charged with their compilation. This has frequently 
been on isolated points, but we have also been urged to give general and sketchy out¬ 
lines of the geology of the various provinces viewed more as a whole. Such sketches are 
necessarily brief, being very limited in the space intended for them, but they may be useful 
to others as giving a more general outline than separate reports could do. It is, therefore, 
in contemplation to reprint these in the present series of records. Of those which have 
been already furnished, that of the Central Provinces has appeared soonest. It is now given 
here. It was written entirely without a single map or record for reference, and vei*y hurriedly 
under great pressure for time. Others of Orissa, North-Western Provinces, Bombay, &c., 
will follow. ] T. O. 

To give a general description of the geological structure of the Central Provinces in any 

Diversity of the Keological character of the detail would involve the necessity of entering upon 
country. a discussion of the geology of India at large, as 

these provinces contain representatives of almost all the formations known to occur within 
Indian limits, although frequently these are much better seen in other districts, and ought, 
therefore, more correctly to be described in connection with the locality where the most typical 
sections occur. In the very brief notice which follows I am therefore compelled to pre¬ 
suppose a certain amount of acquaintance with Indian rocks, and the dassification of them. 
It is only necessary to state that the few descriptions which follow have been drawn up under 
great pressure as to timo, and while actively engaged in field work of an important and 
intricate nature, and away from all maps and records. 

The Central Provinces, divided into nineteen districts, naturally group themselves into 

Genena correspondence of geological and Separate areas, corresponding to weU-marked physical 
physical areas. features. These again have in a similar way a 

general agreement with the geological structure. To the north the districts of Sagar and 
Damoh are altogether on the Yindhyan plateau, and a large part of their surface is 
formed of the deposits to which the name Vindhyan has been given. These are, however, 
concealed over considerable areas by the overflowing volcanic rocks of the great Deccan trap 
area. Physically also these districts (as is all the Yindhyan plateau) are connected with the 
country to the north, all the drainage of the area being into the Ganges valley. Imme¬ 
diately to the south of the Yindhyan escarpment, along the marked depression of the 
Narbada valley, lie the four districts of Jabalpdr, Narsinghpilr, Hoshangabad, and 
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(taking them in ofder from east to west), which are in groat part on alluvial and 
tertiary deposits, with a narrow belt of older ro^s along the southern side of the valley. 
South of the Narbadd valley rise the extensive highlands constituting the S4tpurd range, 
or its continuation, which are in great part formed of the Deccan traps resting upon 
crystalline rocks, or upon sandstone and other rocks of later date. Of this region Mandla 
occupies the extreme eastern end, bounded by the steep escarpment of fhe trappean plateau, near 
to the edge of which the Narbadd river has its source at Amarkantak. Along this same 
range to the west lie parts of Bdlagh&t, Seonf, Chhindwdra, and Betdl. South and 
80 utli*east of the Sdtpurfi ranges lie the remaining districts. Bildspur, Il&ipdr, and 
Sambalpur lie in the great drainage basin of the Mahanadf. The two former occupy the 
low plain country of Chhattfsgarh, formed principally on rocks believed to belong to the 
T^julhgan. series, with a part of their area covered by coal-bearing rocks. Sambalpur is in a 
rugged jungly country composed of crystalline and metamorphic rocks. The great drainage 
basin of the Godavari, on the other hand, includes Ndgpur, Bhauddra, Wardhd, Chdndd 
and Sironchd. These districts have no very considerable elevation. The two first are prin¬ 
cipally on gneisHose rocks, with much trap in Nagpdr: Wardhd is almost entirely on trap- 
rocks; Chdndd and Sironchd have a ver 3 ' varied structure, including more or less of all 
the formations that have been named. 


These formations may be noticed in ascending order. The crystalline and metamorphic 

rocks have not as yet been described in any groat 

c ♦ detail. Gneiss of different varieties, often highly 

Crjstalliuoandmctainorphic-rocks. iL 

granitoid, predominates. The frequency with which 
these rocks appear shows how closely to the surface they form the substratum of the whole 
area. They arc found at intervals all round the irregular boundary or border of the trappean 
rocks, rising in several places nearly to the full height of the plateau. The principal areas occu- 
piwl by them are in Ndgpur and Bhanddra and in Betiil. Also in Samhalpdr a very 
largo area is formed of these rocks; but this is naturally connected with, and belongs to the 
great Gneissic area of Bengal. In obscure relation to the gneiss there occasionally appear 

„ ^ .. sub-metamorphic rocks, schists, slates, and quaiizites. 

Snb-metamorphic rocks. ^ , . , , ., , , 

These may be seen at many points along the borders 

(*r the Narbadd valley, from the north-east of Jabalpdr into Nimdr. 


Sub-metamorphic rocks. 


The great Vtndhgan scries of strata which form so prominent and important a feature 

riiiiMjran Bories *** Hindustdn are the next do^sits 

in saoceBsion of age found in the Central Provinces. 
There is, however, a wide and complete separation of these from the gneissose rocks. They 
are universally nnoonformable to the latter, and they exhibit little or no mineral alteration, 


and only very locally any marked mechanical disturbance. The range or escarpment, from 
which the name of the series has been adopted, forms the northern houndawy of the N ar- 
badd valley, and the districts of Sdgar and Damoh are occupied by the upper member of 
the series—the Bhdnrer and JEtewd groups. Each of these groups consists of a strong band 
of sandstone resting upon shales with subordinate limestone—an arrangement which, coupled 
with the nearly horizontal position of the beds, has, through the operation of denudation, 
produced the peculiar sor&ce features of the country, namely, lorail plateaus bounded by pre¬ 
cipitous scarps, overlooking broadly undulating valley-plains—^features even better seen in the 
Kewd country. The Bijerdghogafiedi in the north-east comer of the Jahalpdr 

district lies within the geolc^cal region of the Son valley, where the Lower Vtndhyan rocks 
HTO so well exposed: they consist of Jess uniform alternations of shales, sandstones, and 
banded limestones, with some peculiar compact silicious (cherty and jaspery) layers, very 
homogeneous and regularly Ix'ddod. Along the entire southern margin of the Vindhyan 
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area these rocks both ‘ Upper and ‘ Louo&r’ are much crushed and wmtorU-d, but they are 
only locally (in the south-’west) penetrated by igneous rocks, probably of the Raine period as 
those of the groat basaltic area. The extensive plains of Bildspur and Udfpur are formed 
on rocks very similar in composition, arrangement, and external relations to those of the 
Lower Vlndhyan formation as seen to the north, and these extend from here along the up{M>r 
courses of the Mahanadf into very close proximity, if not actual continuity, with the 
similar deposits in the Ch&nda and Sironcha districts, and beyond the limits of the 
Central Provinces to the south, extend at intervals into the Madras Ihresidency, where they 
cover an immense area in the Kaddapd and Karndl districts. Our knowledge of these 
detached areas is not as yet sufficient to justify an assertion that they were once continuons, 
allbough the striking identity in lithological character of the several deposits lends strong 
support to this view. Throughout all these widely-extended deposits there is constant 
physical evidence of their having been accumulated in comparatively shallow water, and so 
far under physical conditions fiivourable to life. The sandstones are false-bedded and beauti¬ 
fully rippled on their surfaces, each successive bed, often for hundreds of feet in thickness, 
showing its own ripplo-marked surface. Nor is there anything in their mineralised condition 
to suggest the chance of subsequent obliteration of organic I'emains, had they ever been 
imbedded or become fossilised. Yet no success has hitherto rewarded our most careful 
searchings for such traces of earlyi existences. 


Fussing upwards in the historical succession of rocks, wc find in India a wide gap in the 

geological record between the Vindhyan rocks, just 
Coal beorluK rooks. alluded to and the next succeeding scries of deposits, 

in which are included the coal-bearing rocks. The whole face of the country wherever these 
occur must have been entirely remodelled by long-continued denudation and oth<!r causes 
before the commencement of the deposit of this great plant-bearing scries of beds. This 
series has attracted much attention, botli from its eismomic importance, and from the fiict 
that it is in all its groups more or less fossUiferous. And the proper sub-division of it as 
represented at distant localities has been the subject of much study. Nor has the detailed 
examination of the country yet been sufficiently extended to admit of a final decision of this 
question. 

Throe great groups have, however, bfcn thoroughly established—the Tddchtr, the 

Damudd, and the Panchet rocks, and representa¬ 
tives of these three great groups have been found 
wherever the general series occurs. It is solely as to the exact limits of each that any 
question still exists, which can only be answered after more detailed examination. This 
question is, however, of high practical importance, because of the three series which I have 
mentioned only one is proved to contain workable beds of coal. The Tdlchir rocks below 
contain no coal, and the Pemehet rocks above are equally without any coals, the whole of the 
workable beds of coal of this geological epoch being found confined to the Damddd rocks. 


Snb-diviBiouB. 


The largest area occupied by the rocks of this great series within the Central Provinces 

lies in the hilly region to the south of Hoshanga- 
S&tpurd coal-fleldB. ,,, ,-kt • i. i 

bad and Narsinghpur, partly within the bound¬ 
aries of these districts, but principally belonging to Chhindw4p&, and embracing the Pach- 
marhi or Mahadeo hills. At the base of the series we find the characteristic deiiosits of 
the TMckk' gfroup—greenish silt bods, breaking up into small splintery flakes and sharp 
fragments, and hence called ‘needle shales,* and greenish brown or whitish earthy felspathio 
sandstones, in either of which pebbles and large boulders are often irregularly scattered. 
Often these are very numerous and form a distinct bed, to which, from its peculiar constitu¬ 
tion, the name of “ Boulder” Bed has been given. These rocks, generally speaking, are 
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found at the edges of the field, or weathered out in the deep valleys. The thickness of this 
group is vaaciahle, never very great, and it is locally altogether overlapped. In the Narhadft 
it cov^ ,1^ far the larger portion of the area. As noticed, no coal has ever been found in 
the rocks, and very rarely any of the dark carbonaceous shales which are so frequent 

an accompaniment of coal, with the exception of a few thin and irregular streaks which 
invariably mark the transition of these TdlcMr rocks into the Dam&dA (Sardkar) rooks 
above. This Danrndd series is chiefly made up of thick>bedded, often coarse felspathie 
sandstones, with subordinate beds of blue and carbonaceous shales and coa^. In Bengal 
and towards the east this series is of great thickness, and is easily divisible into several 
distinct groujM. But towards the west and the Central Provinces the series is of much 
diminished thickness, and the sub-divisions so well marked in Bengal are not recognisable. 
The bods of coal in the same way are much fewer and less important. Q^ese variations 
appear to have only a local development when viewed in detail, while on a general compari¬ 
son the facts would seem to bo expressed by saying that the JPanchet series, which imme¬ 
diately succeeds the coal rocks, assumes towards the west a much greater thickness and 
importance than in the east, while the Damudd series has been much less developed. In 
the NarbadA valley the latter series is represented by one group of beds only, which belong 
to the lowermost group recognised in Bengal (the Bardhat^, of no great thickness, and 
covered by an immense series of sandstones of varying* age. No trace of any one of the 

sub-divisions of this great plant-bearing series— 
Western limit. TdlcMr, Damddd, or Panchet* —has been found to 

the west of about the parallel of HoshangAb&d (Lokhartalai). The Dam&dd rocks 
cover a wide spread of country round the bases of the noble Pachmarhf hills, and extend 
thence to Umrith and Barkof, about sixteen miles from ChhindwArA.' They rest in 
parts immediately on the gneissose rocks, and are frequently succeeded directly by the great 
trappean flows. 

In BilAspdr (Chattisgarh) a large area of widely undulating country along the 

Hasdu—an affluent of the MahAnadi—is also 
BilCspUr coal-fields. formed of these rocks, and coal has long been known 

to exist there in some quantity. The district has not been examined as yet, and no trust¬ 
worthy information exists as to the quantity or^uality of this coal.* 

In the ChAnda district again, and in BerAr adjoining, similar Bardkar rocks aro 

found resting upon the characteristic TdlcMr beds, 
and occupying a very small area in the large field, of 
sandstones which there occur. At least one thick group of beds with coal is known in which 
the coal itself exhibits the same characters which distinguish the beds in the Bardkar series 
elsewhere—that is, there is rapid and considerable variation in the thickness and quantity of 
the coal. Beds of great thickness have, however, been met with, and there is a very Urge 
supply therefore of useful fuel. 

Similar rocks extend down the valley of the GodAvari and the Pr an hit A for a long 

distance, occurring in detached localitieB separated 
by wide ridges of the older formations. Near the 
mouth of the TAl river about fourteen miles above Ddma’gddem, both TdlcMr and 
Damihfei rooks occur, the latter contuning coal, which form the bed of the river GodAvari 
for some distance, and have probab^a considerable extension; and coal is also known to 
occur ahi0P^,ihiriiy*foQ^ to the south of the same town, visible on the banks of tho 
river. 


WaidhS Bivei oosl-fields. 


OodSvart and Pninhitd. 


* See tstsr in&tmation in llecords GsologlcBl Burve; of ludis, 1870, p. 71, also p. 54. 
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We are not as yet able to speak so certainly of the limits and relations of the beds which 
occur immediately above these coal-bearinf; rocks, so far at least as purts of the country under 
notice are concerned. In the Narbadi valley coarse conglomeratic sandstones with ferrugi¬ 
nous bands, which are believed to be the representatives of the Panchet rocks of Bengal, 
come in immediate succession on the Bardkar beds (Mohp&nf, Sea.). And ■imilni’ rocks 
occur in the same relation in the wide flats of Chhattisgarh, and probably at the inter¬ 
mediate locality of the Chhindw&ra fields. 


But passing into the drainage basin of the Godavari, a series of rocks of peculiar 

Ximthi sab a lithological character and locally abounding in fossil 

M sa group. plants, is met with, no exact representatives of which 

are as yet known elsewhere. In their general mineral aspects they come very near to tho 
ordinary Panchet rocks of Bengal, and they appear to pass upwards into undoubted 
representatives of these, but the prevailing form of fern of which they contain the fossilised 
fronds, is one (Glossopteris hrowniana) which is scaroely known to extend up to the Panchet 
horizon. These beds would therefore seem to indicate either a commencement in the basin 
of tho Godavari of the deposition of rocks having the peculiar mineral character of the 
Panchet beds at a much earlier period than in Bengal into which these ferns continued to 
exist; or the flora of the Godavari basin had not been subjected to the same influencing 
causes, resulting in a marked change in its character, which in Bengal led to the well- 
defined separation as to fossils of the Panchet and upper groups of the Damuda rocks 
(Ptaniganj). I am disposed to think that, viewed in a very general way, it gives tho truer 
representation of the facts to consider these local rocks, notwithstanding their contained plants, 
as belonging rather to the Panchet series than to the Damtidd. And there is one veiy im¬ 
portant practical reason for this also, inasmuch as no workable coal has yet been found in 
either of these groups, while it has invariably been seen to occur where rocks of the un¬ 
doubted JDamudd age are developed. 


A local name was provisionally given to these rocks by Mr. W. Blanford, who first 
examined them, and as this has been published (although unintentionally), it may be retain¬ 
ed as a useful sub-division. One of the largest areas of these rocks in the Nigpdr 
country is close to the important military |tation of K4mthi, and from this circumstance 
Mr. Blanford spoke of them as the Kdmthi beds. They consist, lithologically, of hard 
compact gritty sandstones, fine variegated sandstones, coarse loose-textured sandstone, very 
fine-grained deep and bright red and buff argillaceous or argillaceo-silicions sandstones, and 
bands of hard very ferruginous pebbly grits. 

These rooks cover an area of about twenty-five miles long from north-west to south¬ 
east near K4mth£ (Kimthl to Kdlod), and at the broadest parts (near P4tan84ong0 
about eight miles wide. Over a large portion of this area the rocks are concealed by thick 
alluvial deposits, but they are well seen at K4mthf, Silew4r4, Bhok4r4, and south and 
south-east of P4tan84ongl, &c. A small area of the much older Talchir rocks is seen north¬ 
east of Bhok4r4, and a small hill north-east of P4tan84ong£. Two other localities where 
these rocks are seen have been exposed within the area of the trap-rooks, these having been 
removed by deuudatipn. One—the Iw^ of the two—is close to Behdr and B4z4rg6on, 
about fifteen miles from N Agpdr on the road to Amr4ot£. The rocks here are of the 
anma type, but become more conglomeratic towards the top than is seen near N4gpdr. The 
other inlier of these rocks is about thirty-six miles north-west of Nigpfir, near the vill^e 
of Chorkherf. The rooks extend over an area of only about six and a half square miles 
in all. There is also another very small patch not a mile long near Khfitkherf, about one 
mile south-east of the other. 
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PiWBing further soathward similar rocks are more widely developed in the Ohilndd 
district, and cover a large area, concealing the underlying Bardicar beds; there the rocks 
are, a« a whole, less fine-grained than in the neighbourhood of Ndgpdr, and the tendency to 
become more conglomeratic in the upper beds of the group is still more markedly exhibited 
than in the case already noti<^d. In this field also they appear to be closely connected with, 
and to pass up into a groat thickness of bright red clays with thin-bedded sandstones, which 
belong undoubtedly to the Panchet series—well seen in the Wardhd about Pored and in 
the country round, giving additional evidence of the connection of the two groups. These 
rocks—^Ihe K&mthi beds—yield in many of their beds admirable building stones, while others 
of a coarser texture are used as millstones or querns. Quarries exist at Kdmthf, Silewdrd, 
Bliokdrd, &c., also in the Chdnda district, but owing to the comparative poverty and sparse- 
ncfls of the population, they ore here less worked than in the Ndgpur country. The white 
argillaceous band which is used near Chdndd town, and which can be traced for miles along 
the country, .is very even in texture, and can be carved into very minute forms of ornaments 
(a kind of work which is very skilfully done at Chdndd), but it is rather soft. The beds, 
excepting the hard ferruginous jwbbly grits, are not, generally speaking, very compact, and the 
surface of the ground becomes covered with loose sand resulting from their disintegration. 
The soil on these, except where they are covered by the alluvial deposits, is poor and little 
cultivated, almost the whole of this tract being covered with jungle. , 

The fossils found in these Kdmthi beds have been noticed above. The fine sandstones 
of Kdmthf, Silowdrd, &c,, have yielded very beautiful and numerous specimens of the largo 
Qlogsojpteris Brotmiana —a fossil-fern common in the coal-bearing rocks of Bengal and 
also in those of Australia. Similar fronds are found, but more rarely, in the finer beds of the 
vicinity of Chdndd. 

We have noticed those so-called Kdmthi beds a little more in detail than their relative 
importance in a general sketch would justify, because of their local development, and of the 
interesting fossils which they contain. 


In ascending order the next important series of rocks is that to which the name of 
PaneM aeries Panchet has been given. This, which is a very 

extensive formation in Bengal and in the country 
intervening between that and Jab alp dr, is not so largely developed in the Central Pro¬ 
vinces. Indeed there is still much doubt as to the true limits and true parallel of many of 
the rooks which would probably at first be classed under this group. There is another 
peculiar feature: in the Bengal coal-fields, the so-called jporacAef group, consisting 

principally of red clays, with fine-grained, thin-bedded, often calcareous sandstones, both of 
red and greenish white colours, forms a sot of bods of very considerable thickness and 
wide extent. But on passing to the west this group rapidly disappears and soon seems to be 
entirely wanting, while the Upper Panchet group, consisting chiefly of coarse rod con¬ 
glomerates, &c., with numerous fem^nous bands, becomes more largely developed, and 
constitutes almost the whole of the series. Still further to the west, however, as in the 
Chhindwdri fields near ITmrdth, these red-clays and thin-hedded fine-grained sandstones 
recur with a considerable development. And similar beds cover a large area on the south of 
the Chfindfi coal-field (Porsfi and all Ihe conntry around), and also appear in other minor 
patches throughout the Oh find d field and in Ber&r. These pass upwards into coarser beds. 


pebbly And conglomeratio, and it is notJia easy task to make out the exact relation of these 
to^ the roeks ib a conntry very much covered as is the greater part of ftie 

Similar rocks are seeti again further south (Maledi), and here, as at 
1be mttth of Ohdndfi, havb yioMed oi^smic remains,, which establish with 
tdieratde accuracy their true position in the general European scale of geological formations. 
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Several forms of Labyrinihoiont reptiles from the Lower Pancket rocks of Bengal 
remains of the very remarkable genns Lieynodon, previously only known from South Africa, 
and abundance of Eatherim (small Invalved orostaceans) mark the fauna of the time in 
Eastern India. In the Central Provinces similar Eatheria and a remarkable reptile 
(Brackyopa leMe^a) have been obtained from Mangli thir|jjr miles north of Ch&ndd, 
while the red clays of Maledi afford numerous remains of the very curious and interesting 
Hyperodapedon, Belodon, and some Lahyrinthodont fragments also. There is a high proba* 
bility that the rocks at these different localities are all truly on or about the same geological 
horizon (a &ct which can only be satisfactorily established by detailed and carefil 
observation), and that that horizon represents in Indian geological homotaxis the period of 
tiie Priaa of Europe. 


In the vicinity of Jabalpdr and stretching down the valley of the Narbadd to the 
Zmb-bn) Sher river, and a little beyond, and forming also 

a narrow outcrop fringing the general line of the 
trappean boundary to the east and north of J abalpdr, a distinct group of rocks was recog¬ 
nised by Mr. J. G. Medlicott in 1856-67. This limited group of beds is partially coal-bearing, 
and from this fact and from certain other obscure relations, it was at first designated under 
the inappropriate name of Upper Damddd, with which series it was, pending 
further inquiry, supposed to be connected, while the fossil plants which it imbedded were 
closely allied to those occurring in the Jurasaie beds of Bdjmahdl and Cutch. Subsequent 
inquiry showed that there was really no ground for supposing any connection of these beds 
with the true Dcmddd as parts of one formation, and the name Jabalpdr group was 
substituted for Upper Damddd. 


At about 100 miles to the north-east of the Narbada coal basin the boundary of 
the plateau of trap-rocks recedes south-eastwards, and the narrow outcrop of these Jahalpdr 
beds expands here into the open ground of South Jlewfi; there the Jabalpur shales and 
^ silt beds were found passing upwards into massive sandstones (at Baudogarh) so generally 
identicid with the rocks of the great Mahudeo hills, that they were at once accepted as 
their representatives ; while below the Jabalpur shales overlaid strong pebbly sandstones 
and conglomerates, which again in the southern part of the same area rested upon a cool- 
bearing group, recognisable at once by its contained fossils and general character as repre¬ 
sentatives of the Damddd series. The Jahalpdr beds have not as yet been traced with any 
care in other districts, and I am unable to state their true limits. Their contained fossils 
point distinctiy to a Juraaaie ^e and to the lower part of that great period. In the 
N a r b a d d nothing but plant-remains have been found. We may, however, although the 
connection has not been traced, point to the remarkable beds near E o t a—about five miles 
from S i r 0 n c h k —which have yielded several well-marked fish-remains (Lepidotua Deccan- 
enais, .^chmodua, ^c.J considered as Idasaic in their relations, as a probable representative to 
the south of the Jabalpdr beds to the north. There are also some detached patches of rock 
which occur in the intermediate country which may be representatives of the same general 
age. The coal found in these Jabalpdr beds is very irregularly developed (Sher river; 
Lamet&-gh4t). It is jetty, and has much of the character of a true lignite; indeed in 
many specimens the structure of the now-carbonised stems, of which a large portion of it is 
made, is well preserved. It has been ectmomised recently to a considerable extent by the 
contractors on the Great Indian Peninsula Bailway. But nmther in amount nor in quality 
does it constitute a source of fossil friel.of any importance in a general view. I mentioned 
above, titat unmediotely resting on the Jabalpdr beds, where the succession is best seen 
(South Bewd), came the massive sandstones of Bandogar h, which were accepted as repre¬ 
sentatives of the great Mahddeo group, so well seen in the upper and magnificent scarps of 
the Fachmarhi hills (Central Provinces). 
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This Mahddeo wa^ first established after a brief examination of those hills in 

... . 1856-57, and was shown to oontain a vast thickness of 

J&CuiOi^^O iHldBs • j 1 t xv /» • j 

massive sandstones, with many ferruginous bands 
which appeared to be entirely unconformable on the Damudd beds forming the lower ground 
adjoining. Unfortunately tl^ same name was applied to rocks in other places which showed 
an approximation to the same general oharacter, and which appeared to stand in the same 
general relation of an entirely unconformable series above the Damudd rocks. It was from 
tile first indicated that these Mahddeo rocks would require further examination. The 
progress of geological investigation in India has since shown the necessity also of greater 
sub-division tlian was at first apparent. These Mahddeo rocks, with the exception of a few 
badly-preserved and generally large stems, are, so far as known, unfossiliferous, and have 
thendbro not attracted quite as much attention as some of the other series I have noticed. 
This absence of fossils also, and the detached, or comparatively detached, positions in 
which the Mahddeo rocks occur, have rendered tiie question of their geological age more 
difiicnlt than it would have otherwise been.* Mr. W. Blanford, caiTying up his examination 
of the country from the west, gave some good reasons for supposing that the Mahddeo 
hods were the continuation and expansion of the cretaceous sandstones found near Bagh 
in the western Narbada. A similar general conclusion had been suggested by Mr. llislop 
previously, but without much proof. On the other hand, it is rigl^j; to state that Mr. 
Medlicott, working up from the cast, saw reason for supposing that the Mahddeo beds in the 
Narbada districts, which he presumed to be truly representative of the Baudogarh rocks 
in South Eewa (and as a subordinate member of which he considered the Jabalpur beds), 
were at the same time only an upward extension of tiie samti uninterrupted succession of 
deposits, which elsewhere had been justly believed to belong to the Panchet series. 

It will be seen from this that the true position of these beds has not as yet been fixed. 
When first examined it was by mo supposed that they, including the Lametd group (to which 
wo shall presently refer), represented the lowest portion of the tertiary period. The Eev. 
Mr. Uislop, whose untiring exeiiiuns have done so much to elucidate the palmontological 
history of the Central Provinces, was disposed to view them as below all the tertiary dexiosits, 
aud as representing in India tlie upper portion of the cretaceous epoch of Europe—a view 
strongly coiifinued by Mr. Blanford, who was disposed to put them only a little lower in tiie 
series, while Mr. Medlicott would now make them mudi more ancient, and would place them 
in the same suh-division as the Jabalpur beds, which latter are probably on the horizon of 
the Kotd beds—that is, he would consider them iotpct* tTMT’ossic.f As stated, the question 
cannot at present (January 1870) be definitely settled. 

When first examining the Narbad4 valley Mr. J. G. Medlicott distinguished in the 

country fringing the river to the sonth, and between 
the Mahideo hills and Jabalptir, a series of wcU* 
marked beds, which he was then disposed to consider as the uppermost group of the 
Mahddeo formation, and to which he applied the local name of Lametfi. These Lametd 
bods consisted chiefly of whitish earthy and siHcions (cherty) limestones or calcareous muds, 
often a good deal indurated. These saady calcareous beds farmed only a thin hand im¬ 
mediately underlying the trappean rocks. Further and subsequent examination, extending 
more to the east, proved that this band was entirely independent of the rooks below it, with 

* The statement originally made that a vorgr-perfect specimen of a trao Arehegotaunu found linker the Pach- 
marhl'hiQls had been obtained from these rook% vtas at once refuted b^ the mineral character of the rook in rEhicb 
it.vas Imbodded. It eras ftpiu the Damiuhi beds bdovr. 

1* The'tt&Jmahdl, group of Bon gal would In this riew be of coweo younger than the Mahdddvd of the 
ChMrai PiOTincoR. 


hemetd beds. 
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which it was associated, inasmuch as, following the trappean boundary to the south-eastwards, 
the Lame^ group was found to accompany the trap-rock steadily and to rest indiscriminately 
upon all rocks, from the gneiss up. It was therefore clear that it must be viewed as entirely 
separate from the great Mahadeo series, and as intimately connected with the overlying 
trappean rocks. As noticed above, these Lameth beds consist phiefly of cherty and gritty 
limestones, with subordinate beds of a nodular limestone, loose greenish sandstone, and 
purplish or greenish argillaceous beds either sandy or marly. They have been traced 
considerably south of Ndgpiir, and thence at intervals round by the trappean boundary to 
Jabalpur, and down the Narbada vaUey to near Hoshang/Lbad. If Mr. Blanford’s 
views bo supported by further examination, the limit must be carried very ctmsidcrably 
to the west to the Funded and the Dhdr forest. In all cases, too, the ti'ap-rocks, where any 
section is seen, appear to rest quite conformably or continuously on these Lametd beds, 
and beds which cannot be distinguished from them raineralogically are frequently met with 
interstratihed with the traps (as near Ndgpdr and between Ndgpiir and Jabalpur). 


■M 

These remarkable sedimentary^ beds intercalated with the traps of the Deccan and Mdlwd 

areas have received much attention. They con* 
Intertrappean series. . n r j ^ • j, tt- i i 

stituto the Intertrappean series of Hislop, and ai*o 

interesting from their fossil contents, as well as their mineral character and peculiar sli'a- 
tigraphical position. It would be out of place here to enter into any discussion of the 
various explanations which have been given of these. It must suilicc to say that both 
in their lithological character [cidcareous muds]; in their distribution [local and irregular 
lenticular masses, not extending laterally to any great distance]; in the fossils contained 
[fresh-water and lacustrine shells, fragments of plants, «fec.J, and in their occurrence in¬ 
variably between the successive flows of trapjwan rock, the upper sui’face in all oases being 
the only one really indurated or altered by the contact of the igneous, heated mass, they 
indubitably point to their origin in the small and irregular deposits in lakes or pools of 
varying size, tranquilly thrown down daring the intervals of the successive flows of the 
lava, which now forms the great covering of this immense volcanic region. And I believe 
that the true explanation of the LameUi beds of which I have just been speaking, is that 
they were deposited in a similar way in more widely-extended lacustrine areas, previously 
to the commencement of the gpreat outbreaks of lava. It need not detain ns here to in¬ 
dicate the apparently long interval of time which elapsed during the outfloAving of these 
successive lava streams, nor to point out how entirely different in ago the intertrappean 
beds of the upper part of the series (Bombay, &c.,) may be from those which accompany 
the lower and older flows. None of these very much newer beds occur within the limits 
of the Central Provinces. 


The geological epoch of these intertrappean beds seems to be tolerably well established 
as belonging to tho Eocene period of European geol(^ists; it being just possible that the 
lower beds of the Lameta group may represent a part of the upper cretaceous time. The 
evidence against this supposition of Mr. W. Blanford seems, however, decidedly stronger 
than that in its favour. 


The wondrous features of the great trappean country of the Deccan which extend over 

so large a portion of the surface of the Central Pro- 
Deccan trap features. vinces, have been well described by many observers. 

T^e immense area covered continuously by these volcanic rocks; the enormous accumula¬ 
tion of horizontal, or nearly horizontal, layers of basaltic rocks ; the distinct separation into 
beds, or stratification; the peculiar physical features,—^massive flat-topped hills with sharp 
precipitous scarps ; the abundance of beautiful zeolites and other minerals, and tho occur¬ 
rence of those curious intercalated beds, containing fresh-water fossils, which I have just 
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montiott^d, ooold tiaaroely escape the notice of any observer. I have already briefly alluded to 
the general, dislnbiititm of tltese rocks, so far as the Centaral Frovincw are concerned, and 
shall not therefore delay farther than to refer to the labours of hlDiloolmson, Newbold, Grant, 
Carter, ^islop, Medlicott, Blanford, &c., for more detailed discassions of this extraordinary 
series, which extends, or has extended, certainly orer an area of 10 degrees of latitude by 
l£i to 10 of longitude. “ The area covered by them in the Peninsula of India can be little 
less than two hundred thousand square miles.” Their limited extent within the bound* 
orioB of the Central Provinces is therefbre but a very small fraction of their entire area. 

Of deposits later than tiie' trappeon rocks there is a great variety and an immense area. 

These would include all the soils of the present sur- 
P<»t<trappean deposits. face with their numerous modifications and varying 

agricultural value. 

Laterite occurs in detached areas in Sagar and adjoining districts; it covers a consi* 
derable space in the north-east of J abalpdr district, and is fjp^und at intervals passing to 
the south in Ch&ndd, where it covers extensive areas in the eastern and north-eastern 
portions. It presents all the usual characters of this deposit, but nowhere within the Central 
Provinces attains that great tkiiflEness and massiveness which admit of its being freely used 
for building purposes. 


The older gravels and clays of some of the river valleys would appear to be next in 

succession. These have been the object of more 
TerUaiy eonglomentes, careful study, on account of the numerous remains of 

large animals, as well as ordinary shells, of which some of the beds contain locally in large 
number. The largest continuous area of these ossiferous gravels and clays is found in the 
Narhadfl valley, along which they extend in unbroken conti unity for more than a hundred 
miles from the falls of the ‘ marble rocks* near J ahalptir to below Hoshangah&d. They 
also occTur in the hanks of the river both above and below these limits. Yery similar depo¬ 
sits are found forming the hanks and often the beds of the upper feeders of the God&varf— 
the Wardh&, Paingaugi, &c.—^and in the Godavari itself; and here also they locally 
contain a la^ number of hones, sub-fossilised, the remains of animals which existed at 
the period of their deposition. The valleys of these streams are, however, by no means so 
well defined as that of the Narbada, and the limits of the ossiferous gravels and days are 
not easily fixed. The gravels are for the most part cemented into a conglomerate of toler¬ 
able hardness by the infiltration of carbonate of Ume, and these beds might not unfrequently 
he mistaken for conglomerates of greatly older date on a cursory examination. There is, 
however, one fact which enables them to he readily distinguished, and that is the abundant 
presence in them of rolled pieces of the trappean rocks-—of numerous agates, pieces of 
bloodstone, &c., which at once prove them to have been post-trappean in their origin. The 
immense variety and ahnndanoe of these pebbles also abundantly indicate the vast denuda¬ 
tion to which the trappean rocks have been sulgected since their outflowing and deposition. 


In general choraoter these deposits in their lower portions consist cl gravels and sands. 


Owiferoiu gisTails. 

hind M to he quarried for building. 


frequently, as mentioned, cemented together much 
in the same way as a concrete is, and sometimes so 
Towards the base the clays become sandy and pebbly. 


San^ h^ds oocun oven in the clays, ai^ Jrregular d^osiiion and oblique lamination (false- 
hedding) fr^uent—indeed so fr^iilyent as to he almoirt the normtd condition. It is not 

es^ to. at ooy just conclusion as to the-thi(fiuies8 pf these deposits. Actual sections 
of titan, feet in thickness are occasionally m^ with, hut twWly to thirty feet ate 
tin ittptf ordinaxy Emits. The greater portion of the deposits is general^ day, the coarser 
hida hdo^ ebiefly confined to the portion near the base., FossU hones are not generally 
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abandant, but locally oonraderable nwnbeca bava been met wild)* Shelia axe not nnoommon, 
and they appear to be all of apeoiea now exiating in the rlTen. These beds are obviondy of 
freeh'water origin, and were in all probability the flttrio-laouatrine deposits of the rivers 
themselves, at a tinie when the levels and areas of their valleys wore very different from those 
now existing. 

It is not intended to give here a complete list of the organic remains found, which would 
belong rather to a detailed description. But the very remarkable admixture of existing 
and extinct forms whioh these deposits exhibit must be noticed; for along witih well-pre¬ 
served remains of Hippopoicmtu, Rhinoceros, Mastodon, peculiar forms of Rimkas, and 
very remarkable Bovines (which, if not identical with European forms, approximate so closely 
that nothing but the most minute distinctions can he made, while they are entirely distinct 
from any present Indian forms), ore found equally well preserved remains of animals still 
existing in the country. The not uncommon tortoise* (Emgs ]iPangsh«ra'\ tecta) is found 
quite as fossilised in these beds as any of the other remains, and yet the species still lives in 
tire valley itself. The imbedded shells, too, are all of species still living, and the evidence 
is conclusive that the change from the condition under which Sippopotami wallowed in 
the muds, and Rhinoceros roamed in the swampy forests of the country, where Mastodons 
abounded, and where the strange forms of the 8ivatherium, JHnotherium, Camelopardalis 
existed, has been one of continuous and gradual alteration, unmarked by any great breaks 
or vast changes in climate. In the general series of successive epochs into which the geo¬ 
logical periods distinguished in Europe have been classified, these ossiferous gravels and clays 
would seem to mark the upper portion of the Miocene and the RUocene ; while, with 
unbroken succession, and with nothing more than local change or break, these Pliocene bods 
pass upwards into the deposits now being formed. We thus find that numerous forms 
of animals, whioh are now contemporaries of man, existed at this very early period cotem¬ 
porary with numerous forms of the larger animals now utterly extinct in this country. 
Was not man also cotemporary with these now extinct animals P As 1 have now endea¬ 
voured to show briefiy, there is no physical break in the long series that would account for 
the destruction of these species; there is not a shadow of proof that the country was not 
then, as now, fitted for the abode of man. And although no human remmns have yet been 
found, there is not a single fact whioh would lead to the conviction that man could not 
have existed and lived under the conditions which then prevdled. In this point of view, 
the discovery—'althongh not in the Central Provinces—of a well-formed agate knife,t which 
had obviously been in use, and winch was undoubtedly shaped and made with an intelligent 
purpose, in gravels of the same age as these ossiferous gravels of which we have been speak¬ 
ing and also containing remains of large animals, becomes one of the highest interest^ as 
giving some amount of positive proof of the existence of man at this early period (Pliocene). 

Of a later date, and scattered through the upper soils of large areas, flint (or rather 

Stone Implewenta. Tinivee, agate cores, from whioh these knives 

have been chipped off, and numerous forms of 
artifideUy-shapad a^te implements, have been met with in the Narbadfi andNfigpfir 
country. And of a later date still, and invariably in the surface-soils, or taken out of these 
soils and brought together under trees, or at tire rude shrines of the forest races, a large 
number of well-shaped asxi polished celts, axes, and other riiaped stone implements have been 
found in the Central Frovinoes. The most remarkalfie. fact pcarhaps connected with these 
implements is the identity of form and o£ design which they exhibit when compared with 
those found ahnndantly in Northeni- Europe—4ui identity omnmon to both forms of these 
stone antiquities, the rudely-chipped and almost undressed, or, as they have been called, the 
Paheolithic, and the more finished and polished, or Neolithic, types, 

* See Becorda Qeologiml Survey of India, ISSS, p. 96.' t ^868, p. 66. 




80 


[vOL. IV. 


Records of the Geological Survey of India. 

The Genteil Provinces present numy localities peculiarly likely to throw light, if careMly 
studied, bn this intensely interesting question—the antiquity of man. But such inquiries 
can only be satis&otorily carried out by those who are long resident in the immediate 
vidnity, and can therefore watch the constant changes which occur, and take immediate 
advantage of any opportimity which may present itself. • 

Beneath the recent conglomerates and ossiferous gravels of a large portion of western 

Chanda is a welhmarked deposit of brownish-yellow 
Saline londB and clajB. , , j > m, • • _ 

sand or clayey sandstone. This is seen over many 

miles of the countiy wherever the streams cut through the upper beds to any depth. It is 

not at all improbable that it may prove to be of different geological age, and quite distinct 

from the beds resting on it. No good sections have yet been seen. It is specially noticed here 

inasmuch as it contains a certain amount of salt, which is thrown out as an efflorescence 

whore this loose sandstone is exposed to the weather, and produces miry places always wet 

and soft, and often difficult to cross. In connection with this deposit we may recall the 

occun-enco of beds very low down in the alluvium, or below it, all containing a considerable 

quantity of common salt, in the Bcr&r alluvial plain not far to the west of Chanda. Into 

this salt-bearing stratum wells arc sunk for the extraction of brine, from which much salt is 

obtained. I am not aware of any brine-wells in tbc Chdnda district, but this deposit 

contains a considerable amount of common salt, although much mixed with impurities, chiefly 

sulphate of magnesia (Epsom salts).* It is not Impossible that the presence of common 

salt in sensible quantities may indicate that the clays containing it have had a marine origin, 

and ore thus quite distinct from the beds which rest upon them. 


Surface eoils. 


Btgar. 


To treat of the more luccut alluvial deposits of the country would involve rather more 

of agricultural than geological questions, and I woxdd 
leave such to others more competent to enter upon 
them. 

TIic black soil or. regar, or as it is not uncommonly called the ‘ cotton soil,’ forms one of 

the most marked varieties in these provinces. It is 
the common soil of the Deccan, Malwa, Narbada 
valley, &e. It varies greatly in colour, in consistence, and, with these, in fertility, but 
tliroughout is marked by the constant character of being a highly argillaceous, somewhat 
calcareous clay, being very adhesive when wetted, and from its very absorbent nature ex¬ 
panding and contracting to a very remarkable extent, under the suoccssivo influence of 
moisture and dryness. It therefore becomes fissured in every direction by huge cracks in 
tbe hot weather. It also retains a good deal of moisture, and requires therefore less irri¬ 
gation than more sandy ground. The colour of this soil, often a deep and well-marked 
black, with every variation from this to a brownish-black, would appear to be solely due to 
an admixtm'e of vegetable (organic) joiatter in a soil originally very clayey, floras deposits 
of precisely the same character as this regar are being formed now at the bottom of every 
Jhtl in the country, and throughout the very area where the regar is best marked, it is not 
by any means on uncommon thing to find tbe slopes of the small hills or undulations formed 


* apsatmens of salt ronghl; prepared from tbis pandy olay by Uxiviatlon and eraporation were assayed at 
tbe <3eol<>jrb»l Sanej Office, and yielded— ‘ 

Obloiridsitf sodium ... . ... ... ... 82*89 87*68 

.. Sulphate of mafrncsia ... ... .„ ... ... 18*02 11*86 

Clay and oi^ntcmatvcr ... ... ... ... 1*60 1*40 

■S 

Tbe drat of U>eee was obtained from what to called tbe wblto ckopan soil; the second was tann the dork 
soU. 
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of more sandy reddish soil, while the hollows hdow consist solely of the finest regar. This 
appears to be due to the more argillaceous and finor portions of the decomposed rooks below 
being washed away by ordinary pluvial action from the slopes and accumulated in the 
hollowSf where this finer mud forms a soil much more retentive of moisture, and which 
therefore rapidly becomes more impregnated with orgauio matter, and is often marshy. 
Segar can thus be formed wherever a truly argillaceous soil is formed; and its genond, 
but by no means universal, absence over the metamorphic and other rocks is easily accounted 
for by the fact that these rocks for the most port yield sandy, not clayey soils. It is never 
of any very great depth, and, excepting when re-arranged by rivers in their recent deposits, 
it is therefore never met with at any great distance below the surface. 

Obviously formed from the re-arranged wash of the older and more widely-extended 
soils we find Jiarge areas of very fertile soil, consisting of clays rather more sandy than tho 
older alluvium, and not therefore so black or adhesive. Though rarely fonned allogether 
of tho true regar soil, it frequently contains a largo proportion of this, mixed with other 
clays and sands. Every intermediate form of soil occurs, and it would by no means be an 
easy task to distinguish them all. In an agricultural point of view, it is interesting to sco 
how exactly tho limits of certain kinds of cultivation coincide with the limits of these 
marked varieties of the alluvial deposits of the country—^facts winch tho local officers will 
doubtless be able to illustrate more fully than 1 can. 

The preceding sketch has necessarily been of the briefest and most general character. 
Those who desire to study the geology of the Central Provinces in gi-eater detail may refer 
to the many papers more or less immediately bearing on this country—of Malcolmson, 
(Transactipns, Gcol. Soc., Loud.); Ilislop (.Journal of Asiatic Society, Bengal; Journal of 
Bombay Branch Royal Asiatic Society; Quarterly Journal Geological Society, London); 
Medlicott, Oldham, Blanford, Theobald, (Mem. Geological Survey of India; Records Geolo¬ 
gical Survey of India), in which full details will be found so far as the country has yet been 
examined carefully. 

I shall also leave the discussion of the economic value of the several rocks to the detailed 
statements of the local officers, who have infinitely better opportunity of knowing how and 
to what extent such materials are economised within their own districts. I have solely 
attempted to give as briefiy as possible a general connected outline of tho successive formations 
known to occur within tho limits of the Central Provinces, trusting that this outline may he 
filled in with greater detail by future researches. 


N. B .—The following papers bearing on the Geology of the Central Provinces have been 
published sinoe the foregoing was written 

The ooal-fiteld near Ch&nd4, Central Provinces.—Records, Geol. Surv., India, 1869, p. 94. 

Lead in R&ipur district, Central Provinces.— IJiid, p. 101. 

On the lead vein near Chicholi, Raiplir district.— Ihid, 1870, p. 44. 

The Wardha river Coal-fields, Berar and Central Provinces.—p. 45. 

Coal at Eorba in Bilasplir district.— Ibid, p. 64. 

Mohponi Coal-field.— Ihid, p. 63. 

Lead ore at Slimanahad, Jabalpdr district.—p. 70. 

Coal east of Chhattisgarh in country between Bilosptir and Bonchi.—p. 71. 

Tho plant-hearing sandstones of the God&vari valley; on the southern extension of rocks 
belonging to thp Kdmthi group to the neighbourhood of EUore and Rajfimaudii, and on 
possible occurrence lef coal in same directioii.<>«'Z6»(^, 1871, p. 49. 
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hSfBtvnoniSi Ngtx ok vhs FLAinMaBASiiro Sjlkmtonbb of xhb Goc^Tjuif \xLtxr, 

bg W. T. Bx>a»f<WO, F. G. B., Deputy Super^endeut, Oedtogieed Swnseg if India. 

ffinfie ivriling Gio paper in this volume of the ** Becords/' p. 4Q, I have found that 
the ocouirenoe of sandstone near Bllore was mentioned by Yoysey, Jour. As. Soo., Ben^l, 
Vol. 11,189S, p. 4f0O- Both Yoysey and Walker refer in several pilaees to the occurrence 
of san&tone in the vidley of the Goddvari below 8ironch&, so that Wall was not the first to 
make it known, although he appears to have been the first who explored its extent on the 
river bmiks. In explanation of my mistake, I shotdd mention that my paper was written 
when I was encamped on the God&vaii without a single book of reference available. 

I have also ascertained that the sandstone which extends to the neighbourhood of EUore 
is connected with the laige tract to the north-west by a narrow strip about six miles broad 
to the west of Faldncha, thus confirming Yoysey’s statement on the authority of a 
Mr. Bslph (Jour. As. Soo., Bengal., Yol. XIX, p. 290). The sandstones, therefore, extend, 
apparently without a break, from Mangli and Fhizdura, 60 miles south of Nfigpdr, to within 
a few miles of EUore, or nearly 300 mUes in a direct line. 

The boundaries of this enomous tract are in many parts most imperfectly known: by 
far the greater portion of the area coniusts of rock in which no trace of coal has hitherto been 
detected, and in which the occurrence of the mineral is highly improbable. It is along the 
edges that there is the best chance of valuable discoveries being made. 

Since writing the paper above alluded to, t have visited Al&pali, a viUago about thirty 
miles west of Diimagddem on the Kinarswfimi stream, at which I had been informed by one 
of the ofih^ers of the Nizam's Qovermnenh the Naib of Naganienpol, that some coal had been 
discovered. Mr. YanStavem, Executive Engineer of Dumagudem, had, at my request, sent 
some specimens of the coal found at Lingfild to the Naib for distribution amongst the minor 
officials, and for enquiry as to the occurrence of a similar mineral throughout the great 
sandstone country on the right .bank of the Goddvati. This resulted in a report of the 
occurrence of coal near Aldpali, but on visiting the spot, I found that all which had been 
found consisted of fragments brought down by the stream. I had not time to trace these to 
their source, and this was. the less necessary, as I found that an officer of the Nizam’s Govern¬ 
ment had been sent from Waoungal in order to do so. I have since been informed by the 
Tehsildir of Kamarmet that the spot has been found. It is some distance to the east of 
Faikhal on the confines of the Kamatmet mid Warangal Sircars. This discovery will not 
be of much value at present if any permanent supply can be found on the God&vari below 
the second barrier, but should no such supply exist,. the locality near Faikhal will be well 
worthy of attention. The fragments of coal found in the Kinarsw&mi arc shaly and of 
inferior quality, but where this exists better coal may, of course, be found. 


DONATIONS TO THE MUSEUM. 

Maubt, P. R., Esq.—T wo crystals of 2Srcon and one of Sapphire from Ceylon. 

w n M Specimen of.(^ rook of whi<di Fompey's pillar is constructed. 
Tubbea T. BL,, Esq.—'A tazsa carved, in coarse serpentine. 

HmrNB, G;., Esq«—T iro ancient copper instruments found in a bmnboo bush near Kurhurbari. 
lIvaBQW OB PnuiKiKSoiioaV, MilKiCH.—‘A ooUectimi of casts of Sedenhofien Yertebrata. 

A oollcotion of Rhmtic fossils. 
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Donors. 


AaASSiz, L.—Scientific results of a journey in Brazil. Geology and Physioed Geography of 

Bi-azil, by C. F Hartt, 8vo., 1870, Boston and Loudon. 

ANasLiK, N. P.—Palseontologia Seandinarica, Part 1. Crustacea Pormationis Transitionis, 

4to., 1854, Lipsiae. 

Aroyll, Duke op. —The Eeign of Law, 8yo., 1870, London. 

Bastebi, Jobi. —Opuscula Subseciva, observationes iniscellaneas de animalculis et plantis 

continentia, Vols. I-II, (1762,) 4to„ J.762, Haarlem. 

Bcbtfoeb, Oseab. —Beitrag zur palseontologischen und geologischon Kenntniss der Tertidr- 

formation in Hei^sen, 4to., 1869, Offenbach. 

Bbandeb, GtrsTAT.—Possilia Hantoniensia collecta et in Musaoo Britannioo Deposita, 4to., 

1766, Londini. 

Bbaue, P. —^Vcrzeichniss der in der Kreis Naturalien-Sammlung zu Bayreuth befindlichen 

Petrcfacton, 4to., 1840, Leipzig. 

CATALOGtTE of Scientific Papers published by the Royal Society of London, Vol. Ill, (1869,) 

IV, (1870,) 4to., 1869-70, London. 

Catlin, Geo. —The Lifted and Subsided Rocks of America, 8to., 1870, London. 

Catullo, Tomaso Antonio, —Dei Terreni di Sedimento Suporiore delle Venezie o dei Pos- 

sili Bryo-zoari, Anthizoari e Sponginri ai quali danno Rioetto 
Memoria,' 4to., 1866, Padova. 

Costa, Prof. O. G.—Palmontologia del Regno di Napoli continente la Descrizione e fignra 

di tutti gli avanzi Organic! Possili, Pis. I-II, (1850,) 4to., 1850, 
Napoli. 

Descbiption de l’Eqypte, Vol. XX, (1825,) XXI, (1826,) 8vo. Geol. et Miner, with plate, 

folio, 1826-26, Paris. 

Deshayes, M. G. P.—Description de Coquilles Caract5ristiques des Terrains, 8vo., 1831, 

Paris. 

Dollpus, a., and Mont-Sebbat, E. de.— Mission Scientifique au Mexique et dans L’Amdrique 

Contralo. Gdologie. Voyage Gdologique dans Hdpubliques de Guate¬ 
mala et de Salvador, 4to., 1868, Paris. 

Donaldson, J.—Report on the utilization of iron-making materials in the neighbourhood 

of Hazareebaugh by means of convict labour, fisc., 1870, Calcutta. 

V. Ball, Esq. 

PoETTEBLE, Peanz.—D as Vovkommen, die Production und Circulation des Mineralischeu 

Brennstoffes, 8vo., 1870, Vienna. The Attthob. 

PoBWOOD, W. Stump.-—A n Historical and Descriptive Narrative of the Mammoth Cave of 

Kentucky, 8vo., 1870, Philadelphia, 

Praas, Db. Oscab. —Die Pauna von Steinheim, 4to., 1870, Stuttgart. 

Pbitsch, K., v.-Rbi8S, W,, and Stubbl, A.-^Santorin. The Ksdmeni Islands, 4to., 1867, 

London. 

Gbas, Scipion. —Statistique Mindralogiqne du D5partemeut de la Drdme, 8vo., 1835, 

^ Grenoble. 

Hayden, Db. P. V.—Geological Report of the exploration of the Yellowstone and Missouri 

Rivers, 1869-60, 8vo., 1869, Washington. 

Hayden, P. V.—Freliminaty Field Report of the United States Geological Survey of 

Colorado and New Mexico, 8vo., 1869, Washington. 

Hind, Hbnby Youut.— Report on the Sherbrooke Gold Distriot, with a Paper ou 

Gneisses of NoYa Scotia, Svo., 1870, Hali£u. 
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Hitchcogs, BDWiAD.—^Report on the Geology, Mineralogy, Botany, and Zoology of Mass- 

achuBotts, 8m, 1833, Amherst. 

HoIiXBS, F. B.—‘Phosphate Books of l^nth Carolina and the Great Carolina Marl Bed, 

8vo., 1870, Charleston. 

iBViKa, Ass. StTBO. Bobebt BEAHiBTOir. —Some account of the General and Medical 

Topography of Ajmeer, 8vo., 1841, Calcutta. 

Jbkxins, Bichabd. —Report on the Tenitories of the Biyah of Nagpore, 4to., 1827, 

Calcutta. 

LafbiboVSB, Fioot pb.—D escription de plusieurs nouvelles espiScoB d’Orthoceratites et 

d’OstracitcB, fol. 1781, Brlang. 

Ltmab, Bbn/ahik Smith. —General Report on the Pui^jab Oil Lands, fisc., 1870, Lahore. 

Mobbis, John, and Jokes, T. Ehfebt. —Geology, 8vo., 1870, London. 

PaIiMBB, Db. C., Mubbay, Capt. W. G., and Babl, V.—Report on the Hill of Mahendra- 

giri and the Native Port of Barwah, in the Gai\jam District of the 
Madras Presidency, ilsc., 1870, Calcutta. Dr. C. PAiiMBB. 

PinaEON, Ei>WABD.~The Fossil Remains of the Animal Kingdom, 8vo., 1830, London. 

RbyKj^s, P.—Esshi de G^ologie et de Pal^ontologie Aveyronnaises, 8vo., 1868, Paris. 

Ronvyit, Db. Fbbd. —Gdologie von Obersohlesien. With Plates and Atlas, 8vo., 1870, 

. Breslaw. 

SCBTTMAKK, JuMBS.—Geologische Wanderungen durch Alt-Preussen, 8vo., 1869, 

Konigsberg. 

ScHVABCS, JiTUirs.—The failure of geological attempts made by the Greeks from the 

earliest ages down to the epoch of Alexander, 4to., 1868, London. 

SOBBEBO, Ascakio. —Notizia Storica dei Lavori Fatti dalla classe di Scienze Fisiche e Mate- 

matiche della Beale Accad. d. Scienze d. Torino, 1864-65, 8vo., 
1869, Turin. The Tdein Academy. 

Thomsbk, JnHTTB.--Thermochemi8ke Underscegelser, IX, Undersoegolser over vandige 

Oploesningers Varmcfylde, 4to., 1870, Copenhagen. 

The Dakish Academy. 

Wabd, J. Clietok.— Ice, and a Geological Dream on Skiddaw, 8vo., 1870, London. 

Pbbiodicals. 

American Journal of Science and Arts, 3rd ser., Tol. I, Nos. 1-4, 8vo., 1871, New Haven. 

Annales des Mines, 4th set., Tol. VI, Liv. 6, 8to., 1844, Paris. 

AnnalB and Magazine of Natural History, 4th ser., Tol. VII, Nos. 37-41, 8vo., 1871, London. 

Annak of Indian Adminbtration, Vol. XV, Pt. I, 8v6., 1871, Serampore. 

Govebkmekt of India. 

Bastiak, a., and Habtmakk, B.— Zeitsohrift fur Ethnologic, Band II, Heft. 6-6, 8vo., 1870, 

Berlin. 

Geological Magazine, VoL VIII, Nos. 1-4, 8v6., 1871, London. 

Indian Economist, with Agrioultund CNtsette and Statistical Reporter, Vol. II, Nos. 9-11, 

4to., 1871, Calcutta. Govebkmekt dF India. 

Eobdswey, K., and Petbbmakk, A—Die Erste Deutsche Nordpolar-Expedition, 1868, 

4to., 1871, G^ 

LbokhaMD, G,^ and Geinitz, H. B.—^Neues Jahrbuch f& Mineralise, Geologie, und Fake* 

ontologis, Hef|. I—II, Sto^ 1871, Stuttgart. 

MABTiirt DKD CAaiarm.-*BystematiBeheB Conohylien-Cabinet, Bd. X, Heft. 9, 4to^ 1870, 

Numberg, 4t0., 1887*41, Neuchatel. 
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Pbtbbhann, Dr. A.—Geographiuche Mittheilungen, Band XXVII, Nos. lA, 4to., 1871, Gotha. 

Pfbifpbb, Db. Louis. —^Malakozoologisohe Blatter, Band XVII, Bg. 6-8, 8vo., 1870, Casael. 

The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th 

Series, Vol. XLI, Nos. 270-74, 8vo., 1871, London. 

Govebrurkt Srlections. 

Benoai..—Yakbenen, Col. D. C., and Macdoealu, Major J. —General Bcport on the 

Bevenue Survey Operations of the Bengal Presidency, Upper and 
Lower Circles, for season 1869-70, fisc., 1871, Calcutta. 

„ .—Westlano, J.—AEoport on the District of Jessore: Its Antiquities, History 

and Commerce, 8vo., 1871, Calcutta. Govt, of Benoal. 

Govebeuekt of India, Home Department. 

Bombay.-— General Report on the Administration of the Bombay Presidency for 1869-70, 

8vo. Bombay Government. 

British Bubmah. —British Burmah, Foreign Department, (General,) Administration Report 

for 1869-70, 8vo., 1871, Rangoon. 

Government of Bbitish Bubmab. 

India.— Selections from the Records of the Government of India, Foreign Department, 

No. LXXXII, 8vo., 1870, Calcutta. Government op India. 

„ Waleeb, Col. J. T. —General Report on the operations of the Great Trigonomet¬ 
rical Survey of India during 1869-70, flsc., 1870, Dehra Doon. 

Home Office. 

Madras.— Selections from the Records of the Madras Government, No. XXII. Papers rela¬ 
ting to the Survey and Settlement of the Western Delta Talooks of 
the Godavery District, 8vo., 1870, Madras. 

Govt, of Madras, Home Dept. 

Journals, Transactions. 

Berlin. —Monatsbericht der koniglich Preussischcn Akademie der Wissenschaflfcen zu Berlin, 

January to March, 8vo., 1871, Berlin. The Academy. 

Calcutta. —Journal of the Agricultural and Horticultural Society of India, New Ser., 

Vol. II, pt. II, 8vo., 1871, Calcutta. The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 3-6, 8vo., 1871, Calcutta. 

The Society. 

„ Records of the Geological Survey of India, Vol. IV, Pt. II, 8vo., 1871, Calcutta. 

The Survey. 

„ Transactions of the Medical and Physicial Society of Calcutta, Vol. I (1825)— 
IX, Pt. L (1846,) 8vo., 1826—45, Calcutta. 

Copenhagen. — Steenstbup, J. J. Sm. —Ovrarsight over det kongelige danske Videnska- 

bemes Selskabs Forhandlinger og dets Medlemmers Arbeider i 
Aaret, 1868-70, No. 6, (1868*,) No. 4, (1869,).No. 1, (1870,) 8vo., 
1868-70, Copenhagen. Danish Academy. 

Rdinbuboh.— Proceedings of the Royal Society of Edinburgh, session 1869-70, Vol. VII, 

No. 80, 8vo., 1870, Edinburgh. The Society. 

„ Transactions of the Royal Society of Edinburgh, Vol. XXVI, Pt. I, 4to., 1870, 

Edinburgh. The Society. 
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FLOBBiKca.-^Bollettitio JR. Comitato Oeologioo D’ltalia, Nos. 1*4, 8to,, 1871, Floirence. 

The Coumissiok. 

Gbhbva.—M^ moires de la Soci^td de Physique et d’Histoire Naturelle de Gen4ve, Vol. I, 

(1821)—XIII (1864,) 4to„ 1821-54, Gondve. 

Gliboow.—P roceedings of the Philosophical Sodoty of Glasgow, Vol. VI, Nos. 2-4, (1866-68), 

Vol. VII, Nos. 1-2, (1869-70,) 8vo., 1866-70, Glasgow. 

The Society. 

Lohdok.—B ritish Museum. A Guide to the Collection of Minerab, 8vo., 1870, London. 

Teitsteks, Be. Museum. 

„ Index to the collection of Minerals in the British Museum, 8vo., 1870, London. 

Teubtees, Beitibh Museum. 

„ Catalogue of the Collection of Meteorites exhibited in the Mineral Department of 
the British Museum, 8to., 1870, London. 

Tbustebs, Be. Museum. 

„ Butijib, Aethue G.—Catalogue of Diurnal Lepidoptera described by Fabricius 
in the Collection of the British Museum, 8vo., 1869, London. 

Teustees, Be. Museum. 

„ Butiee, Aethue G.—Catalogue of Diurnal Lepidoptera of the Family Saty- 
ridm in the Collection of the British Museum, 8vo., 1868, London. 

Teustees, Be. Museum. 

n Geat, Gbobob Bobbbt. —Catalogue of British Birds in the Collection of the 
British Museum, 8\ro., 1863, London. Teustees, Be. Museum. 

„ Geay, Geoeob Bobbbt. —Hand-List of Genera and Species of Birds, distin¬ 
guishing those contained in the British Museum, Ft. I, (1869,) 
8to., 1869, London. Tbustebs, Be. Museum. 

M Geay, Gbobob Bobbbt. —List of the Specimens of Birds in the collection of the 

British Museum, Pt. ID, Section 3-4,12mo., 1867-68, London. 

Teustees, Bbitish Museum. 

,, Geay, Joke E.—Catalogue of Carnivorous, Pachydermatous and Edentate 
Mammalia in the British Museum, 8vo., 1869, London. 

Tbustebs, Bbitish Museum. 

„ Geay, John E.—Catalogue of Lithophytes, or Stony Corals, in the collection of 
the British Museum, 8vo., 1870, London. 

4k Teustees, Bbitish Museum. 

„ Gbay, Johe Edwaed.— -Catalogue of Seals and Whales in the British Museum, 
8vo., 1866, London. Teustees, Bbitish Museum. 

„ Geay, John E.—Catalogue of Sea-Pens or Pennatularidm in the collection of the 
British Museum, 8vo., 1870, London. 

Teustees, Beitish Museum. 

„ Geay, John B. —Supplement to the catalogue of Shield Reptiles in the collection 
of the British Museum, Pt. I, Testudinata (Tortoises), 4to., 1870, 
London. Teustees, Bbitish Museum. 

„ Gukthbb, Axbebt.—C at%^)igue of the Fishes in the British Museum, Vol. V, 
(1864,) VIII, (1870,) 8vo., 1864-70, London. 

Teustees, Bbitish Museum. 

H t JottMSTON, Geoeob.—A catiili^e of the British Non-Parasitical Worms in the 
collection of the British Museum, 8vo,, 1866, London. 

Teustees, Bbitish Museum. 
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Titles qf JBooks. Donors. 

Lonbok.—^I dst of the SloUtiBca in the collection of the British ^asemn, Bt. 11, Olividoe, 

12mo., 1865, London. Tbttstkss, British Mitseum. 

,, WjLIiEBB, FhikOis. —Catalc^e of the Specimens of Blattarise in the collection of 
the British Mnsenm, 8vo., 1868, London. 

Tbustees, British Mcbeuh. 

„ Wakebb, Ebakcis. —Catalc^e of the Specimens of Dermaptora Saliatoria and 
Supplement to the Blattarise in the collection of the British 
Museum, Pt. 1, (1869,) III, 1870, 8vo., 1869-70, London. 

Trustees, British Musbuu. 

„ WaIiKBR, Fbakcis. —Catalogue of the Specimens of Hemiptera Hetoroptera in the 
, collection of the British Museum, Pt. 1, (1867,) 111, (1868,) 
Scutata, 8vo., 1867-68, London. 

Trustees, British Museum. 

„ Warkbb, Francis.— List of the Specimens of Lepidopterous Insects in the collec¬ 
tion of the British Museum, Pt. XXVII, (1863), XXX, (1864,) 
Cramhites, Tortricit(. and Tineites, 12mo., 1863-64, London. 

Trustees, British Museum. 

„ Warker, Francis. —^List of the Specimens of Lepidopterous Insects in the collec¬ 
tion of the British Museum, Pt. XXXI, Supplement I, (1864,) 
Pt. XXXV, Supplement V, (1866,) 12mo., 1864-66, London. 

Trustees, British Museum. 

„ Wollaston, T. Vernon. —Catalogue of the Coleopterous Insects of the Canaries 
in the collection of the British Museum, 8ro., 1864, London. 

Trustees, British Museum. 

„ Journals of the Bojal Asiatic Society of Great Britain and Ireland, New Ser,, 
VoL V, Pt. I, 8vo., 1870, London. The Society. 

„ Boyal Society. Philosophical Transactions of the, London, Yol. 160, pts. 1-2, 
with list of members, 4to., 1870, London. 

The Society. 

„ Proceedings of the Boyal Society of London, Vol. XIX, Nos. 125 and 127, 8vo., 
1870, London. The Society. 

„ Quarterly Journal of the Geological Society of Loudon, Vol. XXVII, Pt. I, 
No. 105, 8vo., 1871, London The Society. 

„ Journal of the Society of Arts, Vol. XIX, Nos. 949-955, 8yo., 1871, London. 

The Society. 

Philadelphia.— Journal of the Franklin Institute, Vol. LX, Nos. 5-6, 8vo., 1870, Phila- 

. delphia. The Institute. 

Trinidad.— Proceedings of the Scientific Association of Trinidad, Ft. I, December (1866,) 

to VIL June, (1869,) 8vo., 1866-69, Port-of-Spain. 

Turin.— ^Atti della B. Accademia delle Scienze di Torino, Vol. V, (1869-70,) and Appendice 

al Volume IV. Dc^ atti della B. Accademia delle Scienze di 

Torino, 8yo., 1869-70, Turin. The Academy. 

„ Bolletino Meteorologico ed Astronomico del Begio Osservatorio dell’ Universita di 

Torino. Anno. IV, 4to., 1869, Turin. The Academy, 

Vienna. —Jahrbuch der k. k. Geologischen Bdchsanstalt, Band XX, Nos. 2-4, 8m, 1870, 

Vienna. The Institute. 

w . Verhandlongen der k. k., Geologischen ^eichsanstalt, Nos. 6-18, 8ro., 1870, 
Vienna. Institute. 
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Note on Maskat and Mabsandim on the east coast on Ababia, hy W. T. Blanbobd. 

A* B* S. M., F. G. S., Deputy Superintendent, Geological Survey of India. ‘ 

The rocks of Maskat and of B&s Massaodim, (the latter being the bold projecting cape 
which forms the Arabian side of the struts of Hormuz at the entrance to the Persian Gulf,) 
have already been described by Dr. Carter in his memoir on the geology of the south-east coast 
of Arabia; the former &om personal inspection, the latter from specimens and a description 
^rnished by Lieutenant Constable. In a recent voyage up the Persian Gulf, 1 had an oppor¬ 
tunity of visiting both these localities, and the result of my brief examination of them, 
whilst entirely confirming Dr. Carter’s account, enables me to add a few particulars of 
interest. 

Maskat .—^The cove of Maskat, as mentioned by Dr. Carter, is surrounded by dark 
coloured serpentine rocks rising steeply from the water. But here and there stratification or 
foliation is very apparent; thus, on the west side of the harbour, the rocks have a distinct ^p 
to the north at an angle of about 45°. Biding inland from the suburb of Matrah to a distance 
of two or three miles, I found that the serpentine passes gradually into hornblende-schist,* 
and 1 can only suggest that the rocks of Maskat probably belong to the metamoiphic series, 
which is mentioned by Carter as occurring in the form of granite, gneiss, diorite, &c., at 
several places on the south-east coast of Arabia. 

Upon the schists and serpentine rest beds of pale-coloured limestone, with calcareous 
sandstones, conglomerate and variegated clays with gypsum, just as described by Carter. 
The conglomerate contains pebUes of limestooe, sandstone, quartzite, and. a green quartzose 
rock coloured by chlorite. Amongst the limestone pebbles, some of a very dark colour 
contain traces of fossils resembling enorinite stems; these are perhaps derived from rooks 
of the same series as those of Massandim. 

I could find no fossils in the limestones, &o., at the place where I examined them, but 
their appear^oe is so similar to that of some of the nummi^tio racks of Sind that 1 
should have clasped them as probably nutumuliiic, even without ,the ooDchisive evidence 
furnished by Captain Newbold-t At the suhe time it struck me that some greyish overlying 
bedsiwhioh 1 had not time to visit, but which are well ^seen. oh ^.the coa«b north-west of 
Ma^at, might hplong to^the newer tertiariea of the Maknfas 'group. | .The littio islAud of 
Fahil appears to be of uummulitio hmestone; ' 

Masscmdim .—^The whcde of the pi^mohtoiy which, jutting but fisoln, the Arabian Coaat, 
closes in the southem portion of the Persian Gulf appMos to. ^xmmst of» stratified dark- 

^ ' I , ' i. . . i > 1 i ■ ' > i I -' ■■ .. ' ' . 

It is UmbtlMv • lets sehistOM taign pf this mA which Or. .Carter odti dytodts. 
t See prei4(m piper,.p. fS, Ihrthe uusnluf pf this ttew. 
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colonred liaiestone.' I had an opportunify from the deck of the eteamer of seeing the cape 
itself and the little island of Massandim, from which the whole promontoiy derivea ihe 
name hy which it is chiefly known. 

Subsequently in Ehor-aa-Shem, 'or Elphinstone Inlet of the old charts, formerly a 
telegraph station of the Persian Qulf Cable, I was enabled to examine the rocks more 
closely. 

They consist of black, brown, dark-grey, and dark-bufp limestone, hard, compact, and 
intersected by veins of oalcite, with a few comparatively thin and subordinate beds of shale 
and sandstone. ^These rocks are distinctly stratifled, the slight variations in the colouring 
of the different beds rendering the stratification dwtinct up to the very summit of the 
huge precipitous mountains which rise from the shores of the inlet. As a rule, the beds 
roll about with a moderate dip not exceeding 20°; in places there is much disturbance and 
contortion. The thickness of the beds must be very great; some of the mountains on the 
inlet are said to be 6,000 feet high, and they evidently consist entirely of the dark limestone; 
indeed no trace of any other rock was to be seen in the neighbourhood. 

Fossils are far from scarce in the limestone, but it is unusually difficult to find any in a 
state in which they can be reci^ised. Sections of shells, both univalves and bivalves, 
fragments of corals, and apparently of encrinites, are to be found in several beds, but it was 
only after much search that I found anything which may possibly be identified. 

These fossils have been submitted to careful examination by Dr. F. Stoliezka, Palseonte- 
logist to the Geological Survey of India, who states: “ The limestone contains several 
specimens of a Mgophoria, externally very closely resembling M. chmt^pus, Laube, from 
the St. Cassian beds, and indicating upper triassic strata. This is the only fossil which can 
be even approximately determined. It occurs socially, and together with some casts of 
Qaetropoda, resembling Chenmitxia. 

“A few casts of a Pelecypod resemble in shape Anoplophora, also a triassic genus.'' 
, There are two valves of an Exogyra of the shape of the neocomien E. conica. As far as I 
know, this type is unknown in the Trias. 

“ A few fragments of a Fecten, undeterminable, occur; and several fragments of an 
Asteroid coral.” 

1 suspect that this great limestone-formation must occupy a considerable area in * Om&n; 
* and it is far from improbable that it forms part of the great dark-coloured mountain ranges 
behind Maskat. This is the more probable, because Dr. Carter obtained through Mr. Cole 
of the Indian Navy specimens of similar limestone from the mountains near Bds-el-Had. 

The most remarkable circumstance about the Massandim promontory is its form. The 
inlet I visited, Ebor-as-Shem, runs from the Persian Gulf for, I believe, seventeen miles into 
the heart of the hilU; it is about 17 to 20 fathoms deep throughout and in many places even 
close up to the rocks on each side. It is only separate by a belt of land less than a mile 
broad from another inlet called Ghubet Qhdzirah (Malcolm’s Inlet of the old charts), which 
enters from Jihe eastern side of the promontory in the Gulf of ‘Om&n, and which is still 
deeper. Other inletB occui, all very deep, and immediately off the rocky coast is the deepest 
jpBtt of, 'Ste Femisn Gulf. There is a curious resemblance of these inlets to the fiturds of 
Norwsijrj, but Ae latter are undoulrii^y of glacial origin, whilst no such cause can be 
si^i^gej^ ,1^ Abe df the very hottest Regions of the whole surface of the globe. The sea 
ifcxbsbstfe such land-looked basiins as that of Nhor-as-Shem, hardy a mile across 
I ^'f^oms d^op. | can oply suppose that the peculiar form of this coast,Is the 

^ on the land produced in the usual manper 

«imi then sunk beBeatfi the sea. ‘ The ^eat depth of the Chilf ..‘.Oman 
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oiT Maskat (2,000 fathoms) may point to a general and long oontinned subsidence along 
this coast, and, if so, it is curious to contrast it with the evidence of comparatively recent 
elevation on the opposite shores of Persia as noticed in a previous papter. 

Camp Gw ADAS, Biixtchistan;") « 

January, 1872. J 

An example of local jointino, by H. B. Medlicott, M. A., F. G. S., Deputy Superin¬ 
tendent, Geological Survey of India. 

Within the cantonments of Jabalpdr, south of the civil station and ef the city, there 
is a small group of hillocks,, or steep bare rock-masses, about fifty feet in height. The whole 
stand within an area of nearly one hundred and fifty acres, of which the protruding rock 
occupies about two-thirds, in three principal masses. They are locally known as the 
Kattungfi quarries; the sandstone being much valued and extensively worked for building 
stone. Its use for this purpose is greatly facilitated by the very perfect jointing by which 
the rock is traversed. The unique character of this feature in the great formation to which 
the sandstone belongs, and the peculiar petrographical circumstances of the rook in this 
locality, give some interest to the case as suggesting definite conditions to which the jointing 
is due. There is nothing new in the main cause thus educed, but so well-marked an instance 
of local action, or of secondary influences, may be worth recording. 

The sandstone belongs to an upper member of a gmat series of rocks representing a 
well-defined period in the geology of India, beginning with the glacial deposits of the 
Talohir group, upon which rest the coal-measures, and ending with various groups hitherto 
included under the name Mdh&ddv4. These strata, as a whole, are but partially indurated 
and only slightly disturbed. Jabalpdr stands upon a boundary of the formation running con¬ 
tinuously for 350 miles in an east-30°-north direction, along the valleys of the Narbadd 
and the Son. In this neighbourhood the massive sandstones, irregularly associated with 
pale shaly clays, are even softer than usual, weathering with well rounded outcrops and 
an undulating surface. It is difficult at first sight to believe that the sharply edged, clilfed 
rocks of the Kattunga hillocks can belong to the same formation. Looked at from the north- 
north-west or the south-south-east they would be taken for well-bedded vertical quartzites. 

In the annexed diagram (Pig. 1) a number (56) of observed bearings of the joint-planes 
are tabulated. Excluding only seven bearings, all in the north-east quadrant, the remainder 


MOKTH 



Fig. l.—Dlagfam showing bearings of Joints in tUo sandstone of Kattnngi, Jabalpfir, 
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can be-diiiaribtited inio three groups. The numbers of obserrations in the two quadrants 
xeiqtectively do not at all represent the relative importance of the g^ups. The group C 
predominates greatly, dividing the whole rock-mass into cleanly separated vertical layers 
of £rom six ifidies to three and four feet in thickness. About an equal number of the cross- 
joints in the north-east quadrant were taken in order to obtain fair averages of their bearings 
among themselves. These cross-joints are much less regular than the main joints, often 
leaving unbroken spaces of thirty and forty feet: the planes, too, are less continuous, and 
frequently have a considerable underlie. 

It will be seen from the table that the three groups present a very satisfactory 
illustration of Professor Haughton’s explanation of joint-systems,* which assigns definite 
mechanical relations between the directions of the joint-planbs traversing any mass of 
strata and those of the compressing forces that have affected them. The Primary system, 
generally the predominating one, following Sharpe’s law of cleavage, occurs at right angles 
to the main compressing force. The second system is determined at right angles to the 
Primary, e£hd therefore at right angles to the direction of least compression, from which 
relatimi to the Primary it is called the Conjugate system. Other four systems, (respectively 
conjugate to each other) may be determined, related to the two main systems by the limiting 
angle of friction of the rock. There is no difficulty, for the case under notice, in assigning the 
direction of tiie compressing forces by which the rocks have been affected, and thus obtaining 
the key to the induced rook-structure. Although, as a whole, those formations lie in their 
original position of deposition, there are many instances of even intense disturbance near the 
boundaries of the basin, where much of the compressing forces seems to have been expended, 
the yielding masses of the newer sedimentary deposits being here in contact with highly 
consolidated metamorphic rocks. Tlie flexures of the strata thus produced observe a very 
general parallelism to these boundaries. As already mentioned, the boundary upon which 
Jabalpur is situated has a very steady general bearing of about oast-30‘’-north. In this 
immediate neighbourhood there is a single case of disturbance, and it conforms to the 
rule just indicated: at about half a mile to the south-east of the quarries there is a ridge 
formed of strata of the same formation dipping at BO® to sonth-36"-cast. The direction of 
the compressing force being thus fixed, it is evident that the A group of joints, at right 
angles to that direction, represents very closely the Primary system; its mean bearing 
being 28'’30' north of east. The group C, which is here the dominant one, then takes its 
place as the Conjugate system to A. Its mean range in the diagram is 23° 30' west of north, 
giving only 86° between it and A; but this ^ight evidently bo brought much nearer to the 
normal by slightly limiting the range of the group to where the readings are concentrated. 
The group A would come in as a Secondary system to A*, the angle between them being 
22 30'. Interpreted from this point of view, it would seem that the direction of the main 
joints C was determined at right angles to that of least compression. 

What it is chiefly desired to exhibit in this example is the conditions which seem to 
have produced so very local a peculiarity. It may, I think, be preeom^ that the power 
concerned was the shrinkage upon induction—a familiar agency in such phenomena; but it 
seet^ to have been seconded in an essential manner by local conditions, such as the texture, 
the homogenw^, the thickness, of these masses, or by their position upon a more rigid base.. 
Th y d^rmininlg secondary causes are, at least, suggested by the comparison of the 
• yalify vrith others in th^’^ighbourhood, where the induration is .quite as great 
without jointing. Several sucii oases may be seen on the open ground to the east, 

of tile »te a few scattered rocky ^lillocks, of about an acre in extent, 

Syned of the same age as the b^ttungd rook, but without regpilar 

luting.' V ‘ 


* Pbil. Trans, for IjSiSS and 19M. 
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The Eattungd sandstone is of moderately eoarse texture. Although the stone is firm, tlie 
binding ingredient is in. small proportion; there is a sprinkling of white clay, hat not 
sufficient to fill the iatersticea of the grains; the stone thus remains a freestone, dressing 
well under the chiseL X'rom a cursory examination made by Mr. Tween, the aement would 
seem to be a slight infusion of silica; it is unaffected by ordinary solvents. The stone of 
the other hills is somewhat finer in grain, with a full proportion of matrix, which, under the 
indurating action, assumes a porceUanic state. This highest induration seems confined to 
the parts along the few irregular joints that occur, hut in^the interior of the rough masses 
the stone is still quite as hard as that of Kattunga. 

From top to base of the Kattunga hills there is no sign of bedding. The lamination 
is, however, betrayed by slight variations in texture, showing the original lie of the rock and 
its undisturbed horizontality. There is no such massive bedding in the sandstone of the 
other hills; even shaly partings are not nnfrequent. 

Such differences of texture, structure, and homogeneity might go far to cgfplain the 
exceptional feature in the Kattung^ rook; hut there is a peculiarity in its position that is 
worthy of notice in this connection. The maiif area of the formation lies to the soath>sonth- 
east; and in the low ground to the north of the quarries the soft sandstones and shales are 
again found in welUsections under the alluvium; hut at a short distance to the west there 
is a range of granite^hills, on the continuation of which, prolongations and inliers of the 
granite weather out for some distance in the low ground^close to the south of the quarry- 
hills. Thus it seems highly probable that the sandstone here is throughout underlaid almost 
immediately by the granite. At one spot tliis is fully seen, where a small promontory of 
sandstone crosses to the west of the city-branch of the Nfigpiir road, and rests upon a 
knoll of granite. Directly coating the uneven surface of the granite there is here seen a 
variable bed of coarse arkose, now in a rusty and friable state; its surface is conglomeritio. 
Upon this rests a two-feet bed of a very peculiar rock—a coarse mixed sandstone with an 
excess of earthy matrix in a highly indurated, porcollanic, condition; the whole shivered 
into most irregular blocks. This same quartzite is very extensively found along the base 
of the formation as a contact-rock; but it also occurs near the boundary between soft earthy 
beds. In the section under notice it is immediately overlaid by a remnant, some fifteen feet 
thick, of the highly jointed sandstone. The hard but unjointed sandstone of the other locali¬ 
ties rests upon a considerable thickness of the unconsolidated sedimentaries. May it not 
be that the shrinkage in the latter cases was satisfied to some extent by external yielding; 
whereas in the Kattungd rock it.had all to be accounted for within the mass? 

Although there 'is much reason to believe that the directions of these joint-systems 
wore determined in accordance with the law expounded by Professor Hanghton, it is neces¬ 
sary to suppose that even the Primary joints were here developed from a latent state by 
the same conditions that produced the main jointing, the compressing force not having 
been sufficient directly to complete this cleavage-jointing. 

20th May, 1873. * H. B. MBDLICOTT. 


A FEW ADDmONAI. EBMAEKB ON THE AXIAIi GBOTJE OP WeSTBEN FbOHB, W. TheoBALD, 

Esq., Geological Survey cf India, 

Since the publication of my remarks on the axiid group of Westers Prome, in the 
Eeoords of the Geological Survey, No. 3,1871, the more extended examination of the neigh, 
bouring Country has made it necessary to restrict the group within somewhat narrower limits 
than 1 had at ^t assigned to it; and I think I shall best convey an idea of the extent and 
scope of such Umitataon by briefly sketching the various st^s hy^rhich our knowledge of 
these beds has been acquired. , 
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Iti ISOff Mr. W. T. Hanford, who was then entrusted with the survey of Pegu, expressed 
an opBjioat &itmded on the examinatiiMi of the Bassein district, that the altered, or Hill 
nocOka” as Jhe termed tiiem from their being confined to the hilly region wherein the Arakan 
range ' here becomes merged, were as likely as not altered Nummulitio strata, notwithstanding 
the gene al difference in character between these “ Hilbroeks" and the unaltered Hummulitics 
met with in the plains and outer kills; though this view could not be corroborated by fossil 
evidence, as no fossils had then been detected in these "Hill-rooks." 

A few years later I visited a 4 )ortion of the ground surveyed by Mr. Blanford; the 
result being that I found myself unable cordially to assent to the above view of Mr. Blanford, 
and preferred to allow the point to remain an open one in the hopo of some evidence of a 
more positive kind regarding the relation of the altered and unaltered rocks of Pegu being 
forthcoming in time elsewhere. About this time, my colleague, Mr. P. Fedden, who was 
then working with me in Pegu, discovered some dark shales containing Foraminifera, (Oper- 
culina) in a small stream, on the westeni side of the Arakan range, falling into the 6wa river, 
and this, linth one more recently discovered, which I shall notice presently, is the only 
instance with which 1 am acquainted of fossils having been detected well within the area of 
the " Hill-rooks."* The isolated occurrence, however, of a few fossils, even the most charac¬ 
teristic, at a ringle spot would not have been conclusive as regarded the age of the group 
constituting the great mass of the Arakan hills; and little or no progress was therefore made 
towarSs the solution of the question of identity or not of the altered and unaltered rocks 
of the Arak an range up to the time of my writing my remarks on the axial group in the 
Becords of 1871. When, therefore, I commenced work on the frontier in the season of 1869-70 
among the " Axials" as restricted by me, which are here so well displayed, and in such 
contrast to the Nnmnaulitlo group of the plains, I recognbed, as I thought, a confirmation of 
the view to which I had always inclined—^namely, the distinctness, geologically speaking, of 
the altered and unaltered rocks which had proved so puzzling in Bassein—and in commencing 
to follow up south the boundary of the Axial group and the Hummulitics, I not unreason¬ 
ably supposed that 1 was holding the due to the true relations of the rocks in Bassein. At 
first of course all went satis&otorily enough, the nature of the ground considered, for I was 
dealing with a veritable geological boundary; but I had not got well out of the Prome district 
when 1 began to feel less satisfied with my work. It may be remembered that I described 
the upper or typical Axials as resting on a series of shales and sandstones which possessed 
much of the general aspect of the Hill-rooks met with to the south; and I somewhat hastily, 
though with a great show c£ probability, concluded that they belonged to the same group, 
and ^at the fault, which, as I believed, brought in the upper Axials against the qummulitic 
strata in Prome, continued on and brought up the lower Axials in like manner to the south. 
By the time, however, I had reached the confines of the Bassein district, I became coavideed 
that the boundary I was then following was illusory, that is, not a geological one, but merely 
one dividing the altered fium the unaltered side of the same group, and which was becoming 
more and more vague towards the south, where, as Mr. Blanford had originally remarked, 
no. separation was possible between these often dissimilar but rea%' geologically identical 
groups. Although I am now convinced in my own mind of the correctness of the view 
originally put forward by Mr. Ilhi'afbxd, I deemed it highly desirable, if possible, to procure 
soma oorrOhorative evidence. I had, it is true, failed to detect any fossils in any limestone 
I had y^ . examined within the axotk jsf the Hill-rocks; and this, coupled with the fact of 
numtlardit# b^^ plentiful in many pSaees .among the unaltered bedsj had much traded to 
^bnbts of the view I was at length fbrced'to adopt, but I detenmned to visit 
'•pks spot'^h^p l^enfmrd". has marked limestone on the Pyennea Ohoung, ten miles west 



COTAla and c^ier foBsilB, but in a state that renders it doobtfuJ if tber 
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of the Bassein riret, withio the urea of the Hill-Tocloi. At &st thie limestone seemed as 
devoid of fossils as most of the similar oatorops of the rook within the hills examined hj 
me, bat in one place I was rewarded by finding nutnerons small ntunmnlites in it, which 
seemed to have escaped the molecular action, which, I preenme* is the true cause for the 
general disappearance of fossUs in the rook, and not its originally azoic character. Having 
thus satisfied myself that the “ Hill>rooks" of Blanford comprising the southern portion 
of the Arakan range were of Nummulitio age, and consequently distinct from the Azicds 
of the Frome district, it became necessary to retrace my steps in order to discover where, 
in following down the line of altered rocks, I had, as it were, got shunted oW the Azials on 
to the Kummulitics. This point was very soon ascertained. The upper Azitds, which are 
so well displayed on the frontier, hold their coarse continuously to within a short distance 
of the Thanni Choung, a distance of fr>rty>seven miles as the crow flies, from where they 
enter British territory, or a little above the parallel of Frome. A few rolled lumps of the 
characteristic grits of the upper Axials may he seen in the Thanni Choung, below the junction 
of a small stream, (the Thaybew Choung, not on map)'; hut nowhere else can any'evidence of 
the presence of this group he detected in the Thanni Choung, either above or below this spot. 
The upper Axials indeed stop here abruptly; for, a very short distance up the Thaybew Choung 
the characteristic axial limestone comes in, from which I obtained numerous specimens of an 
echinoderm, unfortunately none of them in a state for identification. Thus far the boundary 
of the group is, I believe, a faulted one, but here thejEault would seem to die out and the 
group to be covered up by the altered Hill-rocks of Nummulitic age. The rocks actually seen 
in the Thanni Choung do not give much assistance towards determining the question of their 
age. Just below the jimction of the Thaybew Choung the shales are seen which may con¬ 
fidently be referred to the Nummulitic group. Above the junction of the Thaybew Choung 
great disturbance and alteration of the beds is seen; harsh indurated sandstones, vertical and 
much shattered and disturbed, occur, and above this spot, sandstones and shales of the 
ordinary kind met with among the Hill-rocks. Now, for any direct evidence to the 
contrary, these might belong to dther group; and their position is quite such as would 
identify them with the group of similar character underlying the upper or typical Axials. 
Thirty miles south of this is the village of Chin-na-gyee, where, in my note on the Axials, I 
thus described the boundary which I then supposed was the junction of the two groups, and 
the continuation of that which in reality stops short of, and without crossing, the Thanni 
Choung. “ The stream above Chin-na-gyoe seems to display mostly shales of the lower group, 
and jpt south of the village in the bed of the stream, highly altered sandstones come in of 
the usual harsh character of so many beds befonging to this portion of the group. Not 
thirty yards below them comes in, quite unaltered, a calcareous sandstone profusely charged 
with nummulites. The houndart/ is here fixed within a few yards, and strikes through 
the centre of Chin-na-gyee village, and at this point would seem to completely cut out the 
whole upper group” (of Axials). This section is merely a better and more shwrply defined one 
than usual of the ordinary junction of the altered or Hill-rocks with the unaltered Num- 
muliiics; and at the tipae I first-visited it, I had no doubt of its being the faulted botmdary 
of the two groups (Axials and Nummulitios), instead of merely the bmindary of that peculiar 
metamorphbm which characteiises the HiU-rocks, and which, the farther we go south, 
seems more and more <xi>pridoaBly and irr^ularly developed. Of the lower A;nal8, now 
that all the Hill-rocks to the south are separated from - them, we know very little. The 
country occupied by them being, without any figure of speech, most impracticable. From 
the point near the Thanni Choung, where the group terminates, the boundary recedes to 
the westward along the watershed separating -the Thanni Choung from the Muday Choung 
to the north. This is indicated in the map by a dividing range, which gives a viuy 
inaccurate conception of lAe physical aspect of the oonntry, thsogh it may, very pro- || 
hably, correctly enough mark the actual watershed. STattoung, a conical’hill capped 
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^ih cerpentinei is sitiuited between tbSe Thanni and llifaday streams, at almost the extremity^ 
of the area. It is.steeidy smrped on three sides, bat is accessible on the north*nor&- 
east by a steep e^r. From the summit a fine view is obtained of the ground intervening 
bet#eea it the main Yomah ran^, but which being intersected by no considranUe 
stream, totally uninhabited and covered with virgin forest, is quite impossible to explore ; 
and it is not till the western side of the Arakan range and the' Ahyab district comes 
nnder sarvey that more detaib of the Axial group can be looked for; and even then the 
difficulties presented by the wild, forest-clad and uninhabited nature of the country in 
question ,.will for many years act as a complete bar to anything like a full and satis- 
botory examination of the ground. It is beyond the aim of my present note to enter 
on the relations, as &r as known, of the Axial group to the westward, and I will content 
myself with a, brief recapitulation of the main points how established. 

lat .—The Axial group extends down into Fegu, a distance of about forty-seven miles 
from the frontier; the boundary on thq eastern or Pegu side of the Arakan range being a 
faulted one, having a strong upthrow to the west, whereby the upper Axials are brought into 
contact with the Nummulitic group. i, 

2nd .—There is no evidence that any portion of this group passes south of the Thanni 
Choung, though the precise boundary between the lower Axials and the “ Hill-rocks ” or 
altered Nummulitics is obscure and at present only provisionally determined. 

Zrd .—On the western side of the range, a great thickness of beds intervenes between 
the Axial group and the Nummulitics,' amongst which the presence of cretaceous rocks is 
shown by the occurrence of Ammonitet rostratus. Sow., near Maie. These cretaceous strata 
certainly extend as far south os Kaintali, but being in the province of Arakan, have only 
received a very cursory examination. ' 

May, 1872. 


Sketch of the Gkoloot of the Bombay Pbebidkncy, hy Wiimam T. Blanfobd, 
F.^ 0. S., De^ty Superintendent, Qeological Survey of India. 

The Bombay Presidency consists geologically, as well as physically, of two parts. The 
north-western of these consists of Sind, Kachh and Giijr&t; the south-western comprises the 
Mardtha country. Boughly the river Karbadd (Nerbudda) may be said to divide the two 
regions. A part of the distinction is climatic, the north-eastern division being, to a .great 
extent, beyond the area of the periodic^ monsoon rains, but the essential differences are due 
to the very dissimilar geol<^oal formations of which the two regions consist. 

The geology of the Mardtha country is fdr the most part of the simplest hind, by fkr 
the greater portion of the surface being composed of nearly horizontal strata of. basalt 
and similar rooks. Hence the peculiar' features of the country, the extensive plateaus, the 
long hog-backed hills, the terraces on theix sides, and the black precipices which in so many 
places almost cut off communication with the low ground. Hence also the fertility of the 
soil which covers the oountry, and its adaptation to the growth of cereals, pulse,'and cotton ; 
and to the ^ame cause may be attributed the thinness mid stunted growth of the ‘forests 
except in a few favoured localities. 

The rodu of the Bombay-Becoan ippt precisely similar to those of neighbouringportions of 
the Inffian pcHinainkk** India pnper in its geology stands as strikingly aloof from neighbotlring 
|Hnrti(ms:j^. Alda «a does in its ethnology and zoology. But the rocks of G^jrdt, Kachh and 
^d, flaEf: offiY partiB% r^resented in the Indian peninsula, and most rather be considered as 

I of the JiQ|adn mosB. To eitU Bofmsi'ths peulnmit, fiBsw and OocWa 

|i^)^^sndi,sww»s»».ds(^.»t»S<«*sndBomsa,ha!!*ti^P^toiaes«deaato IheoouaWsshsvsae 

dWMgwia. Stii W>9 i t< sl , nor sooIoglcSl soaneonfa with India proper, > 
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belonging to Continental Asia, being oonUnnons, as was long since shown by Dr. Carter, with 
the formations found in F^ia and Arabia. To the northward the Sind rocks extend to the 
foot of the Him&layas. 

To this striking change in the geology is due to no small extent the dilSerence in the 
physical features of the counties nortli'West of Gdjr&t. Instead of plateaus covered by 
black soil, we find undulating sandy plains with scattered craggy hills; the immense alluvial 
flats to the north of Kachh and Gujrat are for the most part deserts of blown sand, and the 
fertile country consists of a belt, rapidly diminishing in breadth to the westward, along the 
borders of the sea; its verdure is due to the humidity caused by the neighbouring ocean. In 
Sind even this ceases, and the country, except on the banks of the Indus, or where reclaimed 
by irrigation, is an arid tract of gravel and sand from which arise the steep scarps of lime¬ 
stone rmiges. 

In the ensuing brief description of the different groups of rocks found in the Bombay 
Presidency, it will be seen that each system is mainly developed in one or the other of these 
two great divisions. The only important exception is in the metamorphic rocks at the base 
of the whole geological series. The basaltic traps extend into E&tti&war and Kachh, but 
they occupy but a small area. The division of course is not absolute, but it is evident that, 
as has been suggested by Professor Huxley, the Indian peninsula has had, during the later 
geological epochs, a different history from the country to the north-west. In the following 
list of formations the Indian classification has been adopted, partly in order to show the 
relations of the various beds of Sind and Kachh to those of the Indian peninsula, partly 
because the usual European classification is quite inapplicable to the latter; for it is as yet 
a moot point whether the great Deccan trappean series is secondary or tertiary, and the 
European equivalents of the Vindhyan series are unknown with any accuracy. 

The following is a list of the formations found in the Bombay Presidency and its 
dependencies in descending order :— 

Black soil. 

Littoral concrete. 

Alluvium of Sind, Kachh, and Gi^r&t. 

Laterite of the Konkan. 

Surface gravels of Sind. 

Ossiferous gravels of river valleys. 

Upper teriaories of K&tti&w&r and^Kachb. 
Older tertiarieB of Sfirat, Bharoch, K4tti4w&r, 
Kachh, and Sind. 

Perim Island bone beds. 

Laterite of the Deccan. 

Deccan traps. 

Intertrappean beds of Bombay. 

Ditto of Dewad, NIgpdr, Harbadi vidl^, &o. 
OretaceouB beds of B4gh. 

Jurassic rocks of Kachh: upper. 

Ditto ditto : lower. 

“Diamond limestone" and sandstone of Bel- 
, gdon, Kaladghi, and Batnagiri. 

Champanir beds. 

Granite, gneiss, mica schist, Ac. 

These are all which are actually known to occur in the area to which the present notice 
I'clates and its immediate vicinity} but in order to e^^^iuR them, it will bo needful oocasionaBy 


VI.—Later tertiaiy and recent 


V.—Older tertiary or nummulitic 
series. 


IV.—Deccau series 

HI.—Oolitic series 
II.—Vindhyan series 


1 . 
2 . 

3. 

4. 
6 . 
6 . 
7. 

ri. 

2 . 
. 3 - 
ri. 
2 . 
3. 
1.4. 

1 2 . 
. 1 . 


I.—Submetamorpbic and meta- f 1. 
morphic. ^ 2. 
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to briiftf reference to strata found in a^joinin^ disteicte. In proceeding to give a 
brief deecripritni 6f these various &rmationB and of their distribution in the Bombay 
Presidency, I shall, as is customary and most convenient, commence with the oldest. 


I.— MsTAUOBFHIO AKD SnBMBTAHOBTHIC SEBIBS. 

1. MeUimorphic rocks. —Under this heading are classed together all the crystalline 
formations, granite, syenite, dtorite, ^c., gneiss, homdilende-sehist, mica-schist, quartzite, 
crystalline limestone, ^e., whether laminated or not. It is possible that veins of granite, 
syenite, and diorite may exist of later date than the metamorphism of the gneiss, but none have 
been met with as yet of which the later origpn can be proved; and the majority of such veins 
are clearly contemporaneous with the metamorphic action, whilst throughout India wher¬ 
ever extensive areas of granite have been examined with care, the rock has been found to 
pass gradually into gneiss or schist on its edges, or here and there throughout the tract of 
country composed of it. The only exceptions to the rule of the apparent contemporaneity 
of the granite and gneiss are in the granitic masses foimd associated with submetamorphic 
rooks in places. But the relations of these submetamorphic rocks themselves to the gneiss 
and its associates ate far from clear. 


Veins and irregular masses of g^enstone (diorite) are similarly found passing into hom- 
h le ndi" gneiss. There are, however, in places trap dykes of later age contemporaneous with 
the Deccan traps or other outbursts; but many of the dykes which intersect the crystalline 
rocks cure^,evidently of very old date, because they do not penetrate the superjacent strata. 

It is quite possible that several series of rocks of widely differing ages are included in the 
metamorphic formations of India, and Mr. H. B. Medlicott has pointed out some facts in favor 
of such a division amongst the crystalline rocks of Bengal.* But until these have been traced 
out more completely than has hitherto been practicable, it is necessary to class all together. 

Metamorphic rorics cover a much smaller area in the Bombay Presidency than they do 
in most other parts of India. None are known to occur in Sind or Kaohh,\ut north of the 
Ban of Eeichh, they are seen at Nagar Farkar, and thence stretch to the eastward towards 
mount Abd, which is composed of them. They occupy a large tract in northern Eatti&wdr, 
including Oim&r hill, which is their southern limit; they are also found close to Palit&na and 
in the neighbourhood of Gogo, but the detailed geology of this country and of the regions 
to the north is very iinp^fectly known. East of the great alluvial flat which extends north¬ 
ward from the Gulf of Ehambay&t (Cambay) metamorphic rooks of a highly granitic 
character occupy the country about Idar, and occur throughout a considerable tract around 
Godoa and Chota Udepdr in the Bewa Eanta, but they are covered up by sandstone and 
trap to the south, and nowhere in this direction reach the river NarbadA whilst east of 
Baroda, near Champanir, they are replaced by the other rocks to be presently d«[cribed. 

Prom the Narbadd to the southward metamorphic formations ate unknownf within the 
limits of the Bombay Presidency until the southernmost districts are reached, in which 
they again appear, and they occupy nearly the whole western portion of the I pdi"" 
peninsula firom this limit to Cape Comorin. On the c6ast they emerge firom beneath the 
highfflr formations just nrath of MMw&n, and nmrly the whole of Sawantvradi, the Goa 
terntory, and North Kanara is composed of them, thmr surface being flrequently conoealed 
Igr thick deposits of latente. In the high table-land east of the ghftts, the southern part 
iff Belg^on, the south-eastem covnergf KaladgM, and nearly the whole of Dh&rw4r-consists 
iff th^>ii)«ha#OQs. 




, ahritoaisd Smrv^ of ladia, VoL 11, p. 40. 

+ Wp of In^grao^ iOmm lathe tnq? axes, 

(Auwagabed), Satars, sadKollitg^ rapeotlvelf. It sppeira 
H Hionda In the Konksa, 
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SnBiCEiAicoBraicB—C hampakIs Beds. 

The clasaifioation of snob Indian rocks as are distinguished from the gneiss and its 
associated formations by partial or total absence of metamorpbism, and yet are of greater age 
than the Viudhyan series, is extremely imperfect* It is uncertain how fert the various local 
groups represent each other, and to what extent any or all of them are the less altered 
of the true metamorphio rocks. 

The only known occurrence of these submetomorphio rocks within the Bombay arw is 
near the ruined town of Champanir at the foot of Paw&garh hill, east of Baroda. These 
beds occupy an area stretching for about twenty miles east from the hill (which is of trap) and 
for a considerable but unknown distance to the north. The principal constituent formations 
are quartzites or rooks intermediate between quartzite and sandstone conglomerates: slates 
and limestones also occnr in considerable quantities, and ferruginous bands, some of them 
chiefly consisting of magnetic iron ore, occasionally. The limestone is sometimes quite nn< 
altered, but in places it is highly crystalline, and at one spot near the village of Kadwal, it 
contains fine crystals of actinolite. The most charactenstic beds are perhaps the conglomerates, 
the matrix of which is a coarse sandstone, containing pebbles and rounded blocks of granite, 
quartzite, talcose slate and crystalline limestone, some of which, especially those of limestone, 
have a diameter of a foot or more. All the finer argillaceous beds exhibit cleavage, and 
some of the slate is so fissile that it might probably bo employed for roofing purposes. On 
their southern boundary these beds appear to pass by gradual transition into ^the true 
metamorphics. 

The relations of the Champanir group, as these beds have been provisiontdly named, 
to the other submetamorphic beds, remain hitherto somewhat obscure, but they are perhaps 
the representatives of the Gwalior series (see Becords, Geological Survey of India, Vol. Ill, 
p. 33). Prom the Bij&war rocks of Banddlkhand and the Narbada valley they differ much 
in mineral character. 

II.— -ViNDHTAH SEEIES. 

The rocks to which the general term Yindhyan has ‘Ibeen applied from their extensive 
development in the Yindhyan plateau north of the Narbad& consist of sandstones (occa¬ 
sionally so hard as to assume a semi-vitreous appearance and to approach quartzite in 
character), limestones and shales, and* are very often distinguished by a more or less pink 
or purplish colour, less frequently seen in the limestones than in the other rocks of the 
series. These beds are separated by a well-marked geological break, the evidence of which 
is found in extensive unconformity, from all the earlier formations. They are divided into 
two principal groups, an upper and lower one, the former of which, comprising the typical 
Tara sandstone, Kaitr4 shales, and Pann4 sandstone of Br. Garter, and the Bh&nrer, Bew&, 
and Kaimur groups of the Geological Survey dassifioation, occupies an immense tract 
in M4lw4 and Banddlkhand, whilst the latter is only found here and there upon its ’borders. 
Yery large areas in the 'M4h4nadi, Godivari, Krishni, and Penndr vallkiB are occupied 
by sandstones and sandstone-quartzites, limestones and shales dosely resembling the 
Banddlkhand rocks in mineral character, but more neturly allied to the lower than to the upper 
sub-division. They are identical with the diamond-sandstone and limestone of the earlier 
Indian geologists,* and were induded by Dr. Carter in his OoUtic series, together with the 
important formations hereafter to be mentioned. Unfortunately, no well authenticated 
fossil, animal or ratable, has hitherto been obtained from these beds, the few supposed 
organic remains which have been recorded as oceuriing in them being either of a very 
doubtful nature or else derived firom strata of later date. tRie geological age of the 

__ ' _I_ _ - _ 

* mie dimtond Bsndatans, bowsvw, sb described Iw Votuj and tfsloolmson, oempriaed foruutUme witich hSTe 
now been ascertained to belong to a series of mnoh more recent date tban tb« Vindt^ans. 
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Yin^yiuui i» thraeftre obscure, all ibat can be safdy asserted bang that they cannot be 
moiA reeent tl»«n the middle pcdteozoio rooks of Europe, wUlst th^ may be. considerably 
morcaacaent. 

'Rie Banddlkhand Yindhyan area is entirely outside of the Bombay IKresidency, its 
south-western corner being at Barwai in the Narbadi valley, but the representatives 
of the w awA series in the Erishnd valley and its vicinity occupy a well marked belt, locally 
of considerable width in the southern part of the Presidency, intervening between the 
trap and 'the metamorphie rorics. These beds appear on the west coast at Ochrd, a littlo 
north of Mdlwdn. l%ey are well seen at the foot of the Fhonda ghdt, and consist of 
hardened sandstone approaching quartzite, white, yellow, or pink in colour, and shales. 
The surface is very uneven, and had evidently suffered greatly from denudation of an irregular 
irinil before it was covered by trap; hence their distribution at the base of the volcanic 
series is very irregular. 

Above the ghftts the quartzites reappear in the south of the Eol&pur territory, and 
extend eastwards in a band of very variable width across the southern parts of the Belg&on 
and Kaladghi districts into the Nizam’s dominions. 


On its northern side tiiis belt of country is bounded in most parts by the extremely 
ragged southern edge of the Deccan trap-area. To the south it is bounded for some 
distance by the trap, but after that by the northern edge of the great gneiss-area of 
Madras. A little east of where these rocks cross the Erishnd river, thiriy miles east-north¬ 
east of Kaladghi, the continuity of the belt is broken for a short distance; but another 
8«riee of quartzites, shales, and limestones is met with at Mddebehfil, and stretches away to 
the north-east into the Nizam’s territory to the neighbourhood of Gdlbargd. 


Xn the central part of the area around Kaladghi the quartzites are overlaid by a great 
thidiness of limestones and shales; above these, again, comes a considerable quai-tzite 
series, whidi in its turn is overlaid by another set of limestones and shales. These different 
limestones, Ac., occupy a consideraMe area in the valley of the Gatparbd, both east and west of 
KaladgM. The limestones are generally subcrystolline and of various degrees of parity; 
they are often highly silidous, and many beds are very orgillaoeous—^indeed often pass into 
calcareous shale. 


The lower quartzites are considerably tilted along the greater part of the southern 
boundary and form a Mnging ridge, with an abrupt scarp, overlooking the gneiss area. 

The basement beds of the lowmr quartzite series oontiun numy very remarkable con¬ 
glomerate beds; the induded pebbles being of banded jasper, quartz and felspar, derived 
from the gndssio series. 


Some few beds of jaspery hssmatite^schist occur in the lower quartzite series in Balgi 
ridge north of Kaladghi. 

Where the beds are lying quite undisturbed and horizontal they have not assumed the 
ebaxaoter of quartzites, but are true sandstones, but, wherever disturb^ the metamorphosing 
efhot of pressure has changed them into more or less perfect quartzites. Two of the most 
beantiftil Md interesting scenes in Western Xhdia—*the fhlls of the Ghitparb& at Gok4k and 
tim ^ Niml Tirth * (the peacock’s batli^r^ the gorge of the Malparbd river near Mandli—are 
due W Jbie position <ff the lonr^ part of the quartzites. 

\ eeneS of quartzites <which lies near Mddebeh&l eastward of^the break above referred 

to from’^e Kala^hJ series in several important points; the former consists of a thin 

sandstone overlaid by shaly sandstones, and these agmn capped by 
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limestones; tho whde, as far as seen neur Mddebebil and T41ik^ oot!^ exceeding 200 feet 
in The Ealadghi beds axe of fiur gfreator Uuoknees; the basement quartzites 

and conglomerates alone being many hundred feet thick; orer which comes a great thicknees 
of breociated quartzite jfoUowed by the two great limestone and shale series above described 
and the upper quartsutes which divide them. 

The limestones also differ in character, those occurring at and around T&Iik6t being 
fine>grained lithographic limestones with few indusions of chert, while those at Kaladghi 
are subciystalline and full of chert both in laminm and in irregular nodular masses. 

From the differences above enumerated, it appears reasonable to conclude that the 
Mddebehal and T&lik6t beds are not continuations of those around Ealadghi, but 
members of another, and from its lesser degree of metamorphism in ail probability a 
younger system of rocks. This conclusion is strengthened by the fact that the quartzitio 
groups in the Madras Eresidency are referable to two series—^the lower or Eada^ series, 
probably representing the Gwalior series of Upper India, and the upper or Eamul series, 
representing the Lower Yindhyans. For convenience of description, the name of the town 
Ealadghi has been given to the series of beds occupying so large an area of the Gatparbd 
valley, and that of the Bhimd series to the Mddebeh41 and Talikdt beds, as they are far 
more extensively developed in the valley of the Bhimd river. The beds at the base of 
Fhondd gh&t belong to the Ealadghi group. 

Above the Yindhyans there is found in Central India and Bong^al a most rmportant 
series of formations, to a portion of which the only coal beds worked on the Indian Peninsula 
belong. The various groups, including the Talchir, Damdda, Panchet, Mdhaddvd, i&c., 
are largely developed in the Central Provinces; but all disappear below the traps far to tho 
east of the Bombay Presidency, and none of them have hitherto been detected along the 
southern edge of the trap area in Belg&oh, Dh&rw&r, and Batnagiri. 

The absence throughout the Bombay Presidency of the coal>bearing Damdda groups, so 
widely spread in the Central Provinces and South-Western Bengal, is a serious drawback to 
the commercial prosperity of the country, and, coupled with the rapidly pregressing des¬ 
truction of tho forests, threatens to leave a large portion of that Presidency as- destitute of 
fuel as the Panj&b and parts of Madras. There appears to be but little hope of the dis¬ 
covery of useful coal in Western India in any large quantity. 

in.—O olitic Sbbibs. 

The rocks of Eachh, first described by Captain Grant, have lately been examined by 
the Geological Survey. The formations below the trap occupy the northern half of the 
province and the hilly puts of the island in the Ban, and consist of two groups, the lower of 
which is distinguished by a prevalence of aigillaoeons beds, with which sandstones and lime¬ 
stones are intercalated, the upper group is marked by a predominapee of coarse sandstone. 

The shales of the lower group vary in colour and consistency, and they somotimes 
contain gypsum. Ferruginous bands are less common than they are in the upper beds. 
Locally, fossil shells, always of xharine forms, are common in these rocks. 

I%e sandstones of the upper group are . white and felspathi^ exo^t .towards the base, 
where they are brown in colour, and abound in ferruginous bands and nodules. Throughout 
the whole, but fitr more sparingly than in the lower group, shale» are scattered, containing 
plant remains, often fingmentaiy and undefined, but, when recognizable, cousistmg chiefly of 
<yoads and ferns. Some of the shalos are carbonaceous, and in a few localities, as at Trombo 
north of Blrig, thin seams of coak have been met with, but none hitherto ^scovered havo 
been sufficiently thick to repay extraction. 



88 


[VOL. V. 


Record* of the Geological Surveg of India. 

These two groops, although contrasting in some respects, have much in common, most 
of the beds ia ea^ being similar to some in- the other; nor can any absolute line of separa¬ 
tion bo drawn between them. As a role, the marine fossils are peculiar to the lower and the 
phsatsto the upper group; but exceptions occur, and interstratifications of shale containing 
plants have been found l^tween beds rich in marine fossils near CShari in the lower group; 
whilst, in the western part of Kachh, bands with marine fossils are intercalated in the upper. 
It is evident, therefore, that both form a continuous series without any important break, 
and they are not of different geological epochs. The age is shown by the numerous 
marine fossils comprising many species of Ammonites^ SelemniteSf Plem'otomaria, Astavte, 
Avicula, Oervillia, Lima, Nucula, Opts, Ostrea, P\oladomga, Plicatula, Trigonia, Mhyn- 
thonolla, TerelyraUila, ^c., to be of middle and upper Jurassic age, some of the species being 
identical with those common in the same groups of Europe. The plEmt-fossUs, on the other 
hand—^including three species of Palaozamia, some conifers, resembling Brachgphyllum, 
Taxodites and Walchia, a Tcmiopteris, and a Sphmopteris —are for the most part identical 
with those found in the beds intercalated with the lowest beds of trap in the Efijmahfil hills 
of Bengal, and in some clays occurring beneath the cretaceous beds of the neighbourhood of 
Trichinopoly and at Sriparmatib near Madras. 

The whole thickness of the Jurassic beds of Eachh, so far as they are seen, has been 
estimated by Mr. Wynne at 6,300 feet, of which 3,000 may be allowed for the upper group; 
but it should be borne in mind that this does not give the whole original vertical extent of 
the series, since their base is nowhere seeny and their upper surface had undergone denudation 
before being covered up by the trap. 

, It is not known that the Oolitic formations occur in the Bombay Presidency and its 
dependencies beyond the limits of Kachh. Some representatives of them may perhaps be 
foimd in northern Katti&war or in the neighbourhood of Disa, but none appear as yet to 
have been made known. Dr. Impey near Jaisalmir (Jeysulmeer) found, in a well, some ammo¬ 
nites which Dr. Carter thought might be of Jurassic age, but in iact the geology of Western 
Bajputanfi and of the countries lying north of Kachh is very little known. 

IV.— Dbocan Seeibs. / 

Lametd and Bdgh beds. —^The next great series in ascending order is far more import' 
ant in Western India ^an any of those inferior to it ia position, and it covers as laige an 
area in the Bombay Presidency and its d^endencies as all other formations together. The 
greater portion is of volcanic oiigin, consisting of stratified basaltic or earthy traps, but at 
the base of the igneous rocks, there is in the Narbadfi valley, a very interesting group of 
sedimentary bods, which, &om their geological relations, must be classed in the same series. 
These are the cretaceous strata of Bogh, Chota TTdeplir, and Efijpipla. 

In many places to the eastward, there is found at the base of the traps a bed of impure, 
earthy or gritty limestone, frequently containing pebbles, and passing occasionally into a sand* 
stone or conglomerate, p has been traced throughout a considerable portion of the 
Narbadfi. valley and the country around Nagplir. To this formation the name of Lametfi 
was given by Mr. J. G. Medlioott from its occurrence at liametfi gh&t on the Karbadfi near 
Jabalpdr, and it was at one time supposed to represent, in part, the massive sandstones of the 
MfihMeo hills around Paohmari. This has now been disproved, but it appears highly 
probable that the Lamet&%ed is the equ^ftalent of the limestoues and sandstones of Bdgh. 

\ Wh^^er this infra-trappean formation occurs, its close connection with the overlying 
traps is . The Da»]iet& group is apparently of fresh water origin, having in all 

tikelihOOd heon depicted in lakes formed by the damming up of vallies by the first flows 
of lava, smd itA tiierafore similar in its mode of deposition to the inter-trappean beds to be 
'|gj|iBehtljr l^ossils are but rarely found in it; the few that have been obtained are 
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fresh-water shells, reptilian bones (P) and wood. Bat although it is evidently of different origin 
from th^ Bdgh group, its siikdlarity in mineral character to the uppermost bed of the latter 
is most striking, and there is also great resemblance in the conformity of both Lameti and 
B&gh beds to the overlying trap, although this character is less striking in the B^h beds in 
consequence of local unconformity. 

Numerous small patches of infra-trappean rocks occur along the southern boundary of 
the Deccan trap in Belgdon and Kaladghi districts. They rest either on the Yindhyon or the 
gneissic rooks, and are invariably of small thickness, rarely exceeding 6 or 8 feet, and generally 
of even much less thickness, ^e beds consist generally of soft sandstones or marly sand 
with numerous quartzite and a few gneissic pebbles. The top of the beds just below the 
trap is most frequently stained of a rich red from the presence of red bole. In the only 
case, near Kaladghi, in which fossils were found in these infra-trappean beds, they were 
of fresh water types— Physa, Lymnea, and Umo. It is stiU uncertain whether these are 
true representatives of the Lametd group, or only local overlaps of the inter-trappeans. 

The B&gh beds consist of limestone or calcareous shales and sandstone, the former being 
almost always above the latter. The * coralline limestone,’ which first attracted attention to 
them from the blocks in the ruined buildings of Mdndu near Mohu (Mhow), is a red 
or yellow rock mainly composed of fragments of marine shells and hryozoa. The source of 
the blocks at M&ndii was long unknown, but was in 1856 traced by Colonel (then Captain) 
Keatinge to Oher&kh&n, about twenty-five miles east of Bdgh. This peculiar rock forms the 
highest bed of the group over a small area east of Bagh, but it is not seen near that town, anil 
is only very imperfectly represented to the westward. 

At Bdgh itself, 20 or 30 feet of nodular limestone rests on 80 or 100 feet of sandstone, 
which is in places conglomeratic and sometimes argillaceous or shaly. To the west in 
Alir^pur and Chota Udeptir, the mass of the cretaceous rocks consists of coarse sandstones 
and conglomerates, capped by gritty limestone or calcareous shales. In the Deva valley near 
Ddmkhal in the northern part *of the B&jpipla hills, a section of 500 feet of these 
calcareous shales is seen resting upon an even greater thickness of sandstones, but to the 
north the group becomes of much smaller dimensions; like the Lametas, the uppermost beds 
frequently abound in chert. 

The traps in general rest conformably upon the Bdgh beds, but there is much local 
unconformity, showing that the latter had in places undergone considerable denudation 
before they were covered by the volcanic rocks. From the nature of this denudation there 
can be but little doubt that it was subaerial, and that the marine beds of B4gh had been 
raised above the sea and subjected to the action of rain and streams before tlieir surface was 
encased in the overflowing trap. 

The fossils found near B&gh are unmistakeably cretaceous; and Dr. Martin Duncan 
has shown that the Echinodenns found at Cher&kh&n are piostly identical with species found 
in the Upper Greensand (Cenomanien) of Europe. A few specimeps are met with farther 
west, but less abundantly. The most common to the west are spee&es of Ostrea, but teeth of 
Sharks, Pecten 4f>-coetatus, and Hemiaster, also occur occasionally. 

In the lower Narbad& valley the cretaceous beds fringe tlie trap, and are occasionally 
exposed within the area of the voloanic rocks. The prindpal inliers to the westwards in 
the Bewa Kanta are near the town of Kaw&t, and a large one edsts in the Deva valley in 
B&jpipla south of tbe Narbadi; whilst on the edge of the trap8, a tract covered by these beds, 
fourteen tnileti long from north to south by ten miles broad, is met with a few miles south¬ 
east of Batoda n^ir the viUages of 'Waan&^ Talakw&r&, and Gandeshwar. 

Stratified trope.—These rooks have engaged the attention of nearly aU the geologists 
who have written upon Western India. Their thickness, peculiar appearadbe, and extent 
render them the most conspioucus geological feature of the country. 
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Liihologieally the trap rocks consist principally of various kinds of doleriie, rich in 
ar^te, the prevulin^ forms being compact basriti anamesitei and more or less earthy amyg¬ 
daloid. Two of the most oharaoteristio rooks are a porphyritic basalt oontainic^ tabular 
crystals of glassy felspar, and an amygdaloidal earthy trap abounding in smair nodules of 
agate and aeolite surrounded by green-earth; the latter of these is exceedingly abundant. 
Some erf the amygdaloids contain great quantities of zeolites and allied minerals; of these 
the most abundant are Apophyllite^ Sttlhite, JSealandttef Scolecttef and hdtimontte. 
Besides these Chdbasite, SyposHlbite, and Thomsonite occur, but they are rare, and I have 
once seen Prehnite. The ApvphyUite is finer than at any other known locality, and of 
various colours, white, green, and pink. A great variety of agates and of other forms of 
silica, such as bloodstone, are also met with filling cavities or forming small veins in the 
rock. 

The traps of the traehytie group in which felspar predominates, and which may be 
recognised by their pale color, are murii less common, and are in fact only met with in a 
few localities, as at Dharavi in Bombay Island, Powt^arh hill, east of Baroda, &a They are 
usually ashy or earthy, but sometunes orystaUine. 

The whole series of Deccan traps is regularly stratified in beds, or, to speak more correctly, 
flovre, varying from 6 or 6 feet to upwards of 200 in thickness. The average in two roughly 
measured sections on the railway-inclines of the Tol (Thull) and Bh6r ghfits is apparently 
87 and 64 feet respectively, but really less, because the distinction between any two beds 
can, in general, only be made out by mineral characters, and if, as frequently happens, two 
successive strata present no lithological differences, they are liable to be classed together as 
one. Many apparently massive strata of amygdaloid really consist of a number of separate 
flows from 6 to 10 feet thick, and it is doubtful if the average thickness of the strata exceed 
20 to 30 feet. 

A remarkable horizontality prevails throughout the ^ater portion of the trap area, the 
most important exceptions being in the B^pipla hills, and the ranges immediately north of the 
Narbad^ in parts of the Satpfira hills north of Khandesh, and along the coast irom some 
distance south of Bombay to Dam&n. In these exceptional areas the dips are clearly due 
to disturbance subsequent in date to the consolidation of the rocks, for sedimentary beds, 
which must originally have been horizontal, have shared in the movement. It is thus clear 
that throughout the area the traps must have originally been very nearly level. 

Tet there can be no question but that these rocks are of volcanic origin. In many 
places beds of breccia are interstratified, which must originally have consisted of volcanic ash. 
Some are met with on the northern-part of the Bombay Island, at Sion hill, Falshaohi hill. 
Flagstaff, and Bai hills, and more in Salsette, the oaves of Kanhari being excavated in one of 
them. Several beds are out through on the Kamatkd gh&t on the road from Ptinah to 
Mahableshwar, and a very conspicuous instance may be seen at the lower gateway of the 
hiU fort of Singurh near Pdnah. Indeed with a little search similar beds may be found 
almost anywhere in the trap country. When weathered, the resemblance of these bracciaB, 
with their enclosed scoriaoeous blocks, to the ash beds of old volcanic cones is so exact that 
no doubt can remain as to thdr being of identii^ origin. The red bole which so frequently 
occurs interstrailfiedt with the traps may also be an ash, a« it is intermixed with soGrue in 
places, but it sometimes bears the apnearanoe of having been rearranged by water. It 
should not be forgirften that the blocksw^oh were originally vesiculmr or sooriaceous are now 
amygdalo^lal, t3»> l^ows in them having been filled by hifiltration. 

Bat trhilst the vdteaaio origin <rf the Deccan trape is naqu^tionahle, their horizontality 
and r^xdarity of shnufieatabn render thmn very uxilike the aocumularions of vdoanic rocks 
mow forming in oounfriee fo which igneotoa venfo exist, and it is dear that the oiroomatances 
under whkh the finrmer. w^ aocumnlated were widely diffwent from anythii^ now known to 
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oootxr on tJio eartit's soi&ce. Another remarkable distinotlon ie the apparent absence, thronghont 
a great part of the area, Of any fod from which onrrenta of lava oonld have been poured 
out. dbnrse cones of loose seorisa would long since have been removed by denudation, 
and nudei of solid basalt would not easily be recognised amongst flows of aimilar consti¬ 
tution. Still it is remarkable that so few instances should have been described. Unmistakc- 
able nuclei exist in the lower Karbadd valley, some of them, as Met&penai hill south-west 
of Chota Udepdr, consisting of trachyte; and throughout a large tract in the Btgpipla hills 
the rocks are out up by immense dykes; but still better examples of volcanic fod may be 
seen in TTncbb amongst the Jurassic rocks, one of them being the so-called volcano of 
Dinodar,* west of Bhtij. Mr. Clark also (Quart Jonm. Geol. Soo., 1869, p. 163,) 
states that a line of vents eusts in the Konkan east of Bombay, and that largo 
numbers of dykes occur; but whilst it is highly probable that there are volcanic fod in this 
direction, it is doubtful if any largo portion of the Deccan traps have flowed from them, for 
tiie frequent occurrence (locally, it is true, not universally) of trap dykes, and still more of 
ash-breecia appears to show that centres of eruption must have been scattered widely over 
the country, and it is probable that closer search will show Iheir existence. 

It is evident that the lavas were poured out in a very liquid state, and that they spread 
themselves in wide sheets of small depth over large areas of country. It is quite possible 
that the more earthy beds which form a very large proportion of the whole may have issued 
in the form of volcanic mud, not necessarily at high temperature. But the orystallme 
basalts were in all probability poured out as lavas liquified by heat. 

Geologists generally have hitherto explained these peculiar phenomena by supposing that 
trap rocks similar to those of the Deccan have been poured out at the bottom of the sea, and 
in taking a different view, which I do with some diffidence, I know that I am in opposition 
to all the best authorities and to some at least of my own colleagues. It is considered that 
lavas would preserve their liquidity longer at the bottom of the sea under the pressure of 
the water; that they would consequently be spread over a large area; that there would, for 
the same reason, be vesicular structure, but not scoriacoous, and that cones of scorke would 
not be formed, because the ashes and fragments blown out from the crater would be spread 
oyer the bottom of the sea. 

To this view there is one serious objection, which is, that some of the Deccan traps wore 
subaerial or poured out in water so shallow that the pressure could not have affected them, 
and that these are undistingcushable from the mass of the beds; whilst, on the other hand, 
there is no evidence except the single occurrence of marine Adis interstratified with the 
basalts near B&jfimahindri to show that any portion of them were accumulated beneath the 
sea. In the case of Bfij&mahindri there can be no doubt but that some of tiie traps are 
submarine, and tiiere can be equally little doubt but that tiiey- were poured out in a shallow 
sea or estnaiy close to land, for the marine shells found are of littoral or estuary aperies, not 
of deep water forms, and freshwater sheUs are mued witii them. It is equally dear that 
the bulk of the intertrappean sedimentaiy beds to be presently mentioned, wherever they are 
found from Mundla to Bombay, and from Dewad (Dhawud) in the Bewa Kanta to the Sichel 
hills of Hydr&b&d, are of freshwater origin, formed in small shallow lakes, and that conse¬ 
quently the greater portion of the surrounding country, over whidi the lava flows were 
poured out* was dry land. 

Another proof that the lowest traps were subaSrial is 'to be found in the form of the 
snr&ce on which they rest. This is excessively uneven, vallsys upwards of a thousand fret 
deep being found in it in i^oes. This uneven surface can onfy hsMvi resulted from subafirial 
denudation; marine denudation, as has been amply shown, reduces the area affected by it to 

■ ■ I ‘ . r.' '1 -T - — ■ - I 

* ^u) reported enqitlan of dits " vi^oaoo” in IStO most be a mietake' Is no traoe at aag neoat jgnoone , 
aoUoB (H) (ho hill, which is not a yoicaino oono, but a nnolonB of basaltic voeh eiiHxnd by deaudatioa, ^ 
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a piano. Had this surface, thus formed by the action of rain and rivers, been depressed 
beneath the sea before being covered up by trap, some traces of marine deposits must in 
places have remained at ihe base of the volcanic rooks conformably underlying them. But 
nothing of the kind occurs. The Lametd beds are of freshwater origin, and the Bdgh 
beds, whuh are marine, afford evidence of having been raised above the sea and acted upon 
by streams and rain before the lavas overflowed them. Now, the bottom flows are frequently 
^ni e of the most compact and crystalline met with; they are as widely spread and as 
horizontal as any of the others. The same is the case in Bombay Island with the topmost 
flows; the basalt of Malabar hill, which rests on the freshwater shales seen at its base, is 
perhaps the most compact and most clearly stratified flow in the island, and that it must 
originally have been horizontal from Valiikeshwdr to Warli, upwards of four miles, is evident, 
for it rests conformably everywhere throughout that distance on the sedimentary beds. If 
then the rooks at the base of the series throughout a large area, and those at the top at 
Bombay, are of subaerial ori^n, and these beds are as compact, as crystalline, and as distinctly 
stratified as the intermediate flows,~i^ in short, there is no lithological distinction between 
the flows which are proved to have been poured out on the land and the great mass of the 
beds,-it is surely illogical to assert that the traps in general are submarine without adducing 
any other argument than their lithological characters. 

The whole thickness of the traps cannot be less than 5,000 feet, probably it is more. 
The time occupied in their accumulation must have been great, for the sedimentary beds 
intercalated prove large periods of repose, during which lakes were formed and became stocked 
with living animals; and it is impossible to say how much of the interval between the Middle 
Oretaoeous and the Eocene epochs was occupied in their formation. As before stated, they 
rest upon the B&gh beds, which are of Upper Greensand age; while upon them, after a break 
marked by great denudation, rest the Nummulitics, which are Eocene. 

So far as physical evidence is concerned, the break at the base of the traps in the Nar¬ 
bada valley appears less than that which separates them from the overlying Nummulitics near 
Sdrat. In Kachh, a group of ferruginous clays intervenes between the traps and the 
Nummulitics. For these reasons I am myself disposed to look upon the lower traps at least, 
and consequently on the freshwater beds of the Narbada valley and N^gptir, as probably Cre¬ 
taceous. But most geologists are inclined to class the whole of the volcanic series as Eocene. 

The traps cover the whole of tho Bombay Presidency from the Narbada river as far 
south as the parallel of Go& in the neighbourhood of Belg&on and Ealadghi. North .of tho 
Narbad& in the Bewa Eianta they occupy but a small area ending abruptly south of Chota 
Udepdr. Pow&^u*h hUl is an isolated mass; and there is a larger tract composed of them 
around Dewad. A belt of them extends partly across E&tti4w&r, and another, five to ten miles 
broad, throughout the greater part of Eaohh, the dip being to the south. Traces may 
perhaps be detected ikrther to the westward, as at Bdnikot in Sind, but no absolute proof of 
their existence has been found. 

Interira^eam heefr.—To these reference has just been made. The most important are 
limestone, calcareous shale, diert, and more rarely sandstone, containing in abundanee remains 
of plants and freshwater shdls, the most common being Pkyaa, la/mma, Paludina, Mela- 
mat Unio, &o. The beds containing these fossils have not hitherto been found more than 300 
or dOO.feet above the base the traps. Each bed can mrriy be tmoed for a longer distance 
than tluteft^friur miles, and seldom e^fleeds StoSfret in thickness; but snccessive beds are met 

aometninw as many as three sedimentary mteroalations being 
m«t; ifith one a^ve the othm, and often differing from each other in mineral composition and 
in fos^ contdnsd.,'; ^at these bed^ have been deposited upon the nnderiylng trap, and 
ths^i the overijhag; hto pon^ over them, is claar, because the upper surfaces of the 
iSm^uvater bands are ahs^fa hardened and altered (though sometimes to a very alight degree) 
^ and \me ia nnchai^FC^i ' 
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In the Bombay Finsidenoy, the only known locidities for these “Physa beds,” as tlley 
have been called firom the prevalence of that shell (they are the Tdkli beds of Hielop), are near 
Dewad (Dohud) in Ihe Bew& !K&nt& (Bogers, Quart. Joor. Ged. Soc., 1870, p. 118,) and in 
Western Eaohh, where they have recently been found by Mr. Fedden* of the Geological Survey, 
and near K'B.lndg bi , where Mr. Foote, of the Geological Survey, discovered a thin bed of 
sandy marl lying beneath the lowest trap flow and the gneiss. 

Near Gokak, in Belg&on district, Mr. Foote found fossil Unios in a thin bed of sandstone 
resting on a flow of amygdaloidal trap, which forms locally the base of the trap series, 
and was poured out over the rugged surface of the gneiss. The sandstones overli^ the 
amygdaloid bed in places, and rest directly on the gneiss. 

The intertrapx>ean beds of Bombay belong to a very different horizon, being intemlated 
with the very highest trap flows hitherto explored, and their fossils are distinct, with one 
exception (a species of Clypris)^ from those found in the lower group of sedimentary deposits. 
The Bombay intertrappeans are composed of shale, and are of fieshwater origin, as is proved 
by their containing frogs, freshwater iior\/am»li^Chiprides, remains of insects, and land pknts. 
As in the group near the base of the traps, there are in Bombay several successive deposits 
with lava-flows intervening. They have been traced into the island of Salsette, but not 
farther, probably for want of searching for them. 

The origin of these freshwater deposits is easily conceived. Flows of lava spreading 
over an uneven land'surface, out into hills and valleys by subaerial denudation, must have 
dammed up the valleya of streams and converted them into lakes. Other flows might fill up 
the first lakes, but by iBnlafing fresh hollows would produce fresh ones, for the flows, however 
li<)uid, could not have presented an absolutely plane surface, and the outbursts from different 
foci must have crossed and dammed up the hollows between flows from the same crater. 
The absence of sedimentary beds in the centre of the series may be due to the greater rapi* 
dity of deposilaon or to the peculiar climate produced by the wide spread of volcanic out¬ 
bursts and to want of rain. 

It is rather sin^^nlar that fossils should be so much more common in the beds intercalated 
with the traps than in the Lametfis at their base, although such sheUs as have been found in 
the latter are apparently similar to those met with in the former. 

The traps and their associated beds have been treated at somewhat greater length than 
the other rocks on account of their great importance in Bombay, and the remarkable geolo¬ 
gical interest attaching to them. 

V.—Oldbb Tbbtiaby Skbibs. 

The last of the great rock systems in ascending order is far less thoroughly known than 
most of those lower in the series. Although the abundance of organic remains found in it, 
foraminifrra, corals, echinoderms, and mollusca in the lower beds, and bones of vertebrate in 
the higher, have attracted attention, not only in India, but amongst the palaeontolrgists of 
Europe, very much remains to be done before the sequence of beds and their faunse can be 
said to be properly knowv^ It has been pointed out, and with every appearance of probabi¬ 
lity, that the fossil forms from Sind described m the ” Description des animaux fossiles du 
groupe nnmmulitique de F Inde ” by M. M. D’Arohiao and Haime must have been derived 
from formations varying to a considerable degree in age, and it is highly probable that a 
thorough examination of the Sind rooks will show the necessity cS sub^lividing them to a far 
greater extent than has hitherto been attempted. 

* Thefirag'nimied JSmiapKitUabyOwealiaa be«i idtomibyDr. Stolioska to be sn Oqfytoww. Tbe tortoiee 
named TmMo XtitM by Dr. Carter is uoit a Tutudo (m Indeed bm beMr sbown bj Dr. Cwter), bat belongs to 
JBbjrf or aome allied genu. 
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' II^ tibie present state fd our knoirledge it appeets to be most in accordance with what 
infonaalaon we possess to inolade in the older tertiary series (ril the rooks in Western India 
above the tnp up to ahd {nclnding the beds of Perim and the Sir&liks. It is true that Dr. 
Fakxmer has pointed oot the connexion between the faona d the Sirdliks and that now 
living, and the absence of any great break in the chain of life; and it is possible that when 
In^n tertiary formations are better known, a different snb-division to that now proposed 
may be desirable; but at present all that can be smd is that tiie series as here pifoposed does 
appear to exist in Western India, and that, so far as is known, there is a break at its close. 

So greatly do the beds of the Tertiaries vary, and so little has been done towards their 
correlation, that it is impracticable to desoribe them so generally as has been done in the case 
of the older formations; and, in order to give a fair idea of them, it is necessary to explain 
briefly the snooession of beds in the different districts in which they ate found, commencing 
in eastern Gtyrit and thence tracing them across to Sind. The general ducoession appears 
to be sandy and.-Argillaceoae beds deposited in part in riyers or estuaries, and containing 
remains of land plants and animals at the and base, and marine beds, some of them 
limestones formed in deep water, in the middle of the series. This is espedally the case to 
the westward. 


B&rat and Bharoch .—^At the base of the tertiary formations near Slirai are thick beds 
of ferroj^ons clay assuming, where exposed, the characteristic brown crust and pseudo- 
scoriaceoUB appearance of laterite, from which they differ in no respect. These at first sight 
appear to be of volcanic origin, an idea which is strengthened by the neighhonrhood of the 
traps on which they rest, but dose examination has shown that they are really sedimentary 
deposits, although composed in all probability of materials derived firom the disintegration 
and denudation of the trap. With them are interstratified beds of gravel or conglomerate 
containing agate pebbles (the agates derived from the trap), and limestone, sometimes nearly 
pare, but more frequently sandy, argillaoeoaB or feRm^oos, and abounding in nummolites 
and other fossils, many of them identical with those fonnd in Sind and in the Eocene rocks 
of Europe. » 


Above the limestones and laterite beds there is fonnd a great thickness of gravels, some¬ 
times cemented into a conglomerate, sandy clay and ferruginous sandstone, often nodular. 
These, contain fossils also, though not in such ahondance as the lower limestones, and the 
species are diflbrent and perhaps belong to a higher horizon. Hitherto, however, they have 
not been properly exaouned and compared. There is some evidence in &voar of unconform¬ 
ity between the two groups; the lower, which is well seen about Tarkliar and Qnla east df 
Sdrat, being apporentiy overlapped by the higher beds to the northivard. 


These higher beds are hut poorly eaqiosed in the Tapti river near Gntta and Ei^an, and 
in &e Elm between K lmamh and Elao, bat th^ are wril seen in the etream which runs ' 
past Batanpdr ■ east of Bharoch. Here they consist chiefly of sandstone^pjlpnvel, and conglo- 
mersite, With occasional beds of red or white day and shalas. The pebbles in the gravels and 
oonglomerates are mostly of agate (iiid other quartzose minerala derived from the tcape; and 
fkw some of these beds tiie OEtfneKans and agates are obtained, which have from time imme¬ 
morial supplied the lapidariee of Shambay&t. *' 


The ilpoene rocks in Bdrat and -IBharboh term merely a fringe along the edge of the 
tra^i they me covered and confMW to the westward by aUnviom. A few traces of 
south of the,but none have hitherto been detected north of 

fit' ro^ of Feihn Idand in the Qtdf of Ehamhqrfit are mdated j and 

-described, or whether they area 


reflects ihqr reamoye the beds of the 
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Kim and Tapti. The ialand is small uid fiat) sad the xoeks being hoTizontal, very little is 
seen of them; the most eharaotenstio bed is a coarse conglomerate containing blocks of fine 
sandstone and agate pebbles. Witb these are intermixed large masses of fossil wood and 
bones of various mammals, some of which have been identified with those of Siv&lik species. 
Amongst the remains found here are Maatodon laiidens. Sue, JHnotAerittm, Bramatherimnt 
and Camelopardalis. These mammals show the age of the beds to be Miocene. 

irdttidlcdr.—~OBBi£eronB conglomerates like these' of Perim axe found also on the 
Kdtti&wdr coast near Gogo, though bones appear to be less abundant than at Perim. The 
conglomerates rest upon thick blue day. These beds extend as a very harrow bdt along the 
K&tti&w&r coast to the neighbourhood of Gopn&th. Here they are replaced to a great 
extent by mottled clays and coarse mbbly limestone, fossiliferous in places, upon which rests 
a fine-grained oalcareops rook known as milUolite, which apparently marks a higher horizon 
and will be described amongst the later Tertiary beds. 

The rubbly limestone and day is not fossiliferous near Gopnfith, but b^mes so farther 
to the west, ikom Safirdb&d to Patan it is concealed by milliolite; but still more to the west¬ 
ward it is exposed in places and abounds in Kooene fossils. 

Kouikh .—The Nummulitio rooks and their associates are only found in the western part of 
Kachh, being overlapped by higher beds east of the neighbourhood of Mandavi. At their 
base, however, are some variegated clays and beds of laterite which have a much wider 
distribution. These beds are conspicuous from their brilliant contrasts of colours, red, purple, 
and white, many of them being highly ferruginous. They sometimes contain pebbles of 
agate, and upon them rest coarse sandstones and red, brown, and white shales with impressions 
of land plants. The thickness of this group varies from 20 feet to about 200, increasing 
towards the north and east. They appear in genertd to rest conformably on the traps, and it 
is possible that the lowest beds which have in places a very ashy appearance may have been 
formed before the termination of the volcanic action to which the subjacent traps were due. 
This at least is Mr. Wynne’s opinion. Nevertheless these clays ao^ laterites locally, as at 
Mharr and near Lakhpat, overlap the whole of the traps and rest upon the un^rlying 
Jurassic beds, a cireumstance which appears rather opposed to their being really conformable 
to the traps. 

Upon these variegated days, in the western part of Kachh, rest conformably fine 
laminated shales, containing plant remains in places, and pyritoos and bitnminons towards 
the base. The fossils both in these beds and in the variegat^ clays are chiefly leavas, end<^- 
nouB and exogenous. As will be seen presently, these pyritous shales and richly coloured 
clays with plant fosrils ate well devdoped in Sind. 

The general section of the Nununulitio beds in Kaohh above the plant beds is the 
following, as abridg^ from Messrs. Wynne and Fedden’s report 

DBSCBVSIlia BBonoB. 

Ft. 

1. —C9ay8 and shales occasionally sandy, with hard bands of 

shaly limestone or of marl, and a few sandy and 
Gonglomeritio beds. The upper portion highly fosriH* 
fisrous ... ... ... ... 800 to 1,200 

2. —Sandy shaleB, mottled white or fermi^oas, irregularly 

b^ded, with impressions of leaves ... ... 100 

Dun^^loured and blue silty days and shales, with 

minnte crabs ... ... ... ... SO 

8.—^Nummulitio marls and limestones—Fossils numerous ... 700 

4. - Gy p seo us shales and marls, withferaminifera,oy»tei!8,^. 100 
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l^um fin not regularly intentratified ; eome of the diTisions are of local oocurrence. 
No. S - being only found on the flank of the Gaira hills, and a few other places, while No. 4 
id also dfiSoiefit in places. The thickness given is approximate only. 

The nulnmnlitic group. No. 8, consists of pale, yellow, and white argillaceous limestones 
with some sandy beds and shaly marls. The masmve and compact nummulitio limestones 
of ^d do not appear to extend to the westward. 

The argillaceous group. No. 1, is the most important of all in Ka(flih, and it contains 
the greatest number and variety of fossib. It perhaps represents the clays and limestone of 
S!&ti^w4r, and it may be the equivalent of the gravels and conglomerates of Batanpdr 
near Bharoch. But it is fkr from clear that this is the case. 

West of Eachh the delta of the Indus makes a great break in the belt of tertiary 
deposits bordering the coast, and when the rocks again emerge from beneath the alluvium in 
Sind, the border groups of India have been left behind, and the great nnmmnlitic limestone 
tract entered, which extends from the Him&layas to the Mediterranean. In Sind itself no 
rocks older than the Tertiaries are known to occur, but to the west in Eelat, mesozoic and 
paleozoic strata have been found by Dr. Cook, which arc probably a continuation of the beds 
known to exist in the Salt Range. 

The folbwing general section of the beds in Sind is given by Captain Yicary 

1. —Conglomerate. 

2. —Clays and sandstone. 

3. —Upper bone bed. 

4. —Sandstone—^fossils rare. 

6.—^Lower hone bed. 

fl.o^oaise, arenaceoKsalcareons rock, with Cyiherea cxoleta? and C. exarata, 
^patamgi, no nummolites. 

7<—Pale arenaceous limestone with Mippomcest Nurnmulites and Chcmndeee. 

8. —Nummnli^ limestone of the H&1& range. 

9. —Blach dates—^thickness unknown. 

Probably a thorough examination of the countty would produce some important modifi¬ 
cations in this list. What the black slates No. 9 may be it is difficult to say from Yioary’s 
description, as he does not refer to them fhrther, and it is doubtfiil if they occur within the 
limit of ^d. 

Beneath the limestone of the H41& range and of Eotra (Eotree), which appear to bo 
identical, there is a great thickness of variegated sands and clays containing leaves of plants, 
and in one or two places small lenticular beds of lignite. These beds undoubtedly represent 
the somewhat similar formation below the nummulitio marls and limestone of Eachh. A 
tough dassifioation the Sind rooks, so for as they are known, may be attempted thus 

DxsoxvniNa sxonoK. 

l.—Uonglomerates, days and sandstone with fossil bones; (Nos. 1 to 6 of Vioary). 
Ihese are the equivalents of the Siv4]ik and Perim beds, and are known to 
be of Miocene age. 

S'^Imnestone, more or lAsl^re, passing into Hindsione and of variable character 
’ ' (0i 7, and 8 Yicary.) Toward the base are massive beds , of white lime- 
, s^ne of great thickness abounding in, 'Alvetlvm^ a small spheroidal fora- 
, mt^r. If is ^hly probable that frirther examination will show the 

sands and ^[i^eoQS days^ with remains of plants. ’ 
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At Eaidchi itself the only rocks seen belong to newer beds than any of those now 
desoribedf but to the north'West near Magar Pir an impure limestone is^met with, containing 
numerous mollusoa and operculina, but nummulites are scarce if .they occur at ah. From 
Ear&chi to Eotru (Eotree) various forms of nummulitic limestone cover the country. Near 
Eotru itself white compact limestone with AlveoUna is found, wMbt to the westward, a 
considerable area is covered by the validated- sands (md clays. Amongst these, north-west 
of Kotru, occurs the lignite of Lynyan, an attempt at mining which was once made. The 
quantity of the mineral was, however, found to be small owing to the rapid thinning out of 
the bed, and the quality was inferior. 

At Banikdt, a gorge in the Eri hills, twenty miles west of the Indus at Magendan, and 
forty-five nulra north-west of Eotru, about 1,000 feet of massive alveolina limestone rests 
on 1,300 feet of varie^ted sands and clays, at the base of which trap is seen. Whether this 
trap be intrusive or not has not been ascertldned; it appears stratified and is slightly amyg- 
daloidal. Of course, the occurrence of igneous rocks below the lowest of the rocks known to 
be associated with the nummulitic limestones recalls the similar association of variegated clays 
resting upon traps, these unmistakeably belonging to the Deccan.series, in Eachh; but it has 
by no means been definitely ascertmned whether the trap in Sind is a representative of 
the Deccan series. The Eri hills, are an outer ridge of the H&ldi range and terminate to 
the north at Sewan. The Hald. range stretching along the frontier is said to be entirely 
composed of limestone. Farther to the north, and to the north-west of Sewan, conglo¬ 
merates and sandstones of Sivdlik age with mammalian bones are found along the flanks of 
the main limestone ranges. The greater part of Upper Sind is an alluvial plain. 

Zaterite of the Decam .—Although the age of the laterite found locally on the crest 
of the Sahyadri and in the southern MaiAtha country is extremely obscure, there appears 
some probability from its mode of occurrence that it should be referred to the older and not 
to the newer tertiaries. Its occurrence in isolated caps on various hills appears to indicate 
that all now seen is merriy the remnant of a formation once for more widely spread, and its 
striking resemblance to the beds already mentioned as occurring in the Nummiilitics of Siirat 
renders it possible that the two may be of the same ago. 

Laterite is essentially a clay strongly but unequally impregnated with iron peroxide, 
to which it owes its deep red colour, which, however, is fur from uniform, the surface of a 
freshly broken fragment being veined and mottled with different tints, frond white to deep 
rod. Sometimes the appearance is almost that of a breccia from the angular white frag¬ 
ments endosed. In some places, as at Bidar, the rock is intersected by small irregular tubes, 
lined with hydrated peroxide of iron, but these are not always present. The surface has 
a very characteristic appearance, being very irregular, owing to the washing away of so much 
of the clay as has not been impregnated with iron, and being covered with a glazed coating 
of hydrated iron pproxide or brown haematite. In the newer forms of laterite (for the rock 
is of various ages) grains of quartz and small pisolitio forruginous concretions are usually 
found in considerable numbers, but in the rook wMch occurs at high elevations in the Deccan 
these are often deficient. 

Of the origin of this singular rock but little can be said. In consequence partly of 
its peculiar pseudo-sooriaceous appearance, and partiy of its oocarional passage into decom¬ 
posed trap at its base, it has by mSny geologists been classed with the volcanic rocks. But 
it has never been found intercalated with traps, and it is met with interstratified in tho 
sedimentary Eocene strata; moreover, its conformity to the tr^pean flows is only apparonti 
since the same laterite is found in some places resting on traps much lower in position than 
in others, e. y., at Mahableshwar and Panchgain, it rests upon flows very high in the series, 
while at Mdther&n and Ehandfila it is found on much lower be<b. It is therefore fiurly 
evident that the Deccan laterite is a rock of aqueous - origin wjd newer than the volcanic 
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swiei, ftom th« which it is probably formed; but by what pc^ it ^ **2“^ 

lated-^he^ it be of marine, flariarile, or anbaerial ongm—is extremely diffio^ to 

rocks, no fossils are 

foond in it.'^ , , 

liatetite has a remarkable power of resisting disintegration, and wherever a oy of it is 
Amnd «n a hilL the lower grotmd around, if sufficiently flat, is covered with a thi^ coating 
of reoonsoUdated ddbris. The iron washed out of the Uterite tends always tp change any 
j ^ wvit sacdi as trap or gneiss, beneath it into a substance so precisely resembling 

■“ fkom on. rock to to. 

YI,—Uppbb Tubhabt and bbobnt bbds. 

Of toM. lodu. Bi. to. liMt, to. dM«to«on » y.t i. n.«it imp^i inM to. Bn. 
dto^ inl»tw«n to.m ^ to. bod. Wbod in to. l«t tooton » qmto 
^ ntopc^kUKid.™ inotobl. torii «>m. of to. formntion. h«. inoindrf in «.h 
may tdtimately have to be plaok in the other series. 

TThver ZMiarv beds of the coast of the K&tti&wfo peninsula a 

Sn. 1™. whioB i. niddy known « nnlliolite, or PorWdjr .ton^ 

MidSpottod nndm toi. Utter nam. to Bombay fcr building P^POM*- » ™ V 

Dr SS^who examined it, to consist of minute foraminifera with a fe w grams of quaife 
wd hornblende. This rook varies much in minerpl character m differ^t places; 
noint. which is its easterranost extension, it is much less pure than to the westward, bei g 
much mixed with day. It is everywhere strongly marked by irregular oblique lamination 

or fidflo bedding, showing deposition by currents. 

Except the foraminifera the only fossUs hitherto found have been m^ularis and 

some other^recent species of land shelb which Mr. TUbald obtained. The ^ 

these shells is the principd reason for placing the bed amongst the n wer Tertianes; although, 
aa some existing forme are said to occur also in the Siv&liks, the evidence must not ^ <»“; 
sideredas^J^nsive. Of the thickness attained by the millioUte nothing trustworthy is 
recorded. It is found throughout nearly the whole south coast of K&ttiaw4r. 

Vner 2brri«rfo. of iTacU-In Kachh, there is a higher sub-division of the Tertiary 
beds cWefly devdoped to the westward, that is, in that part of the provinc^m which the 
olde^ Tertirries are wanting, and apparently unoonformable to the latter. The followmg is 
the section given by Messrs. Wynne and Pedden 

DBSOBNDINa. 

Yiiriable deposits, induding concrete beds of great thickness. 

Soft sandstones, sheUy, calcareous and quartzose grits, gravels and conglomerates with 
trap pebbles and agatre. 

Brown sands and sandstones with fossil wood. 

TtM thickness varies from 200 to 600 foet. The only distingnishable foasifr are some 
large oysters, which ifre met with in the thick obliquely laminated ooncretre of ^e upper 
mpap. Three oysters dosely resemble the spedes now living on the coret of Each . » 

not at aU dew whether this concrete repSreents the milliolite of K&tti4w&r, ar.the su recen 
to be hereafter dreeribed. 

*2^ ♦wcr-»afii(y».'~“In parts of the Narbadfi and Gbd&van valleys 
& been with containing bones of extinct mammalia much more nearly 
afewtaa timn are the spdiire found in the Sivdliks, Ib Narbada, e 
^ . ‘. tovu ibeeafat more i^y explored than any others, the bemea belong to 
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<£'Blephcu, Sippopatamu»f BuSf Equu*, Bo8, .Cerms, ^o., Msociated with fluviatile 
shells of. existing species. The age of these beds is bjr Falconer considered to be 
Pliocene. 

A skull belonging to Elephaa Namadicua, one of the |irarbad& species, molars of Bos^ 
and s<nne other bones hare been found in the banks of the God&Tari near Paitan (Pyton) on 
thejroad firom Ahmadnagar to J&lnah; and.in the same gravel a well-marked .agate flake, 
which has every appearance of human manu&oture, was obtained by Mr. Wynne in 186S. 

There is every probability that these bone-gravels are dispersed over a large portion of 
the country, and enormous quantities of bones have been occasionally exposed in the* Godd- 
vari valley.- An elephant's tusk was exhumed sqme years since by Dr. Cook near Satdrd, 
and during the present year (1871) information has been received of the discovery (in Sigar) of 
a rhinoceros skull by Mr. Foote in the v^jpiey of the Gatparbd near Gok&k. It is singular 
that no fossils have hitherto been obtained from the Tapti valley in Khandesh. 

Swtface gravels of ^nd.—Hke plains of lower Sind to the west of the Indus and in 
the neighbourhood of the Hold range are covered over to a considerable depth with gravel, 
composed of limestone and sandstone pebbles derived from the hills. In places torrents 
have cut through thick accumulations of these beds. ^It is evident that these gravels con¬ 
sist of detritus carried down by the wash of rain and streams ; but from the denudation they 
have undeigone in places portions of them must bo of considerable antiquity. No organic 
remains appear to have been found in them; but they are worthy of closer examination than 
they have hitherto received. 

iLaterite of the Konhan.’—Tha laterite of the western <^ast is of later date than that 
of the Deccan; and its derivative nature is proved by the occurrence of sand and small 
pebbles; yet^ except in being more sand^y, it closely resembles the older rock, from the detritus 
of which it may bo partly derived. It occurs as a thick bod capping the traps and forming 
a plateau at a general elevation near^ Batnagiri of between 200 and 300 feet above the sea. 
It had once covered the whole country; but numerous ravines have been cut out of it by 
streams. At Batnagiri there is a bed of white clay containing remains of plants below the 
laterite. 

The mode of formation of this rock in the Bonkan is nearly as obscure as in the 
Deccan; but its position in this case renders it more probable that it may have been origin¬ 
ally a submarine formation, deposited at a period when the Konkan was at a lower level and 
the sea washed against the clifb of the western ghiits. It is not easy to say whether this 
really was the case, but there is no improbability in it. The deposit may have been greatly 
changed by subaerial action after its emergence. 

Laterite is not found far north of Batnagiri, and near that place only extends about fif¬ 
teen to twenty miles inland. It extends farther towards the foot of the ghdts near Fhonda 
gh&t, but in Sawantwari is again limited to a baud ten to fifteen miles broad. It covers a 
considerable area in the Goa territory. 

Patches occur at a lower level scattered over the country; but these consist of a kind 
more mixed with gravri and sandstone. The peculiar character of this r^k and the tendency 
of the detritus from it to reconsolidate must always be borne in mind when examining it. 

. Alluviwm <f Sind, Kachh and ChSgrat. —^In the nortii-wee^m part of the Bombay 
Presidency there are extensive alluvial plains to which, in a sketch of the geology of Western 
India, a few words must be devoted. The sands and clays which they consist are 
river-valley and delta d^osits, washed down by the streams, and accumulated in the lower 
portions of their course and at their mouths. By far the most important of these compose 
the gr^t plain extending to the east from the Indus. 
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A glance at tbe map will show that from H&idar&b&d in Bind to Alimadabid in Gujrat 
is an almoit unbroken flat. Thie flat ia the sonth-weBtem extremity of the great plain which 
atretbhes across Northern India and comprises the vaUeys of the Indus and Ganges. That 
this plain was at one time au open sea is suggested partly by the line of division which it 
forms 'between the two entirely distinct geological provinces of the Indian peninsula and the 
Hiwihlity aM, partly by the Tertiary marine beds which fringe so large a portion of its edges. 
The high grounds of Eachh and EItti&w&r are surrounded on all rides by portions of this 
flat or by the sea. 

There appears much probability that the conversion of this vast area into land has been 
due in great measure to the silt, sand and gravel brought down by the various streams and 
rivers which emerge from the Himalayas and Bildchistiin on one side and from the ln£an 
peninsula on the other. The process has doubtless been gradual and is still in progress. 
Locally, elevation may have aided, but, on the ^hole, there is probably at least as much 
reason to assume depresrion to have been the prevailing movement of the sur&ce. 

The !l^n of Nachh appears to have been an inlet of the sea which has been gradually 
filled up by the silt deposited from the streams which enter it. This tiact of country is still 
in a debateable condition, being covered with water in the south-WMt monsoon, when the floods 
brought down by the Bands and Loni, and by the small, streams of Eachh, are forced 
back by the waters of the Gulf of Eachh and the old Eori mouth of the Indus, raised above 
their usual level by (the force of the south-west wind, whilst during the remainder of the 
year the whole region is dry land, except in patches. There is a tradition that, at no distant 
period, the Ban was a navigable inland sea; and the appearance of its shores, with the occur- 
renoe of snbrocent marine deposits, confirm this idea, although the period of its conversion 
into dry land remains doubtful, the evidence of the discovery of old boats being confined to 
localities which may have been covered with water after the greater part of the region was 
dry land.* Formerly it is probable that the eastern branch of the river Indus discharged 
itself iato the Ran, and the quantity of silt deposited inay have been much greater than is 
now the case. 

On the eastern side of E4ttiaw4r the Gulf of Ehambfiyat is also smd to be silting 
up. The evidence as to the. rapidity of the process is not condusive, but it may fairly 
be assumed thut a gradual extension of the coast is taking place. On the east of the gnlf, 
the S4barmati, Mala, and Narbadk, the last being one of tbe great rivers of the Indian 
peninsula, all discbai^e themselves; and the quantity of silt and detritus brought down by 
them most be very great. 

That the Golf of Ehambayat once communicated with the Ran is probable, as a belt of 
low land, inoludiug the bracMsh marsh known as the Nal, still connects them. Mr. Rogers 
(Quart. Jour. Geo. Soo., 1870, p. 118) has pointed out that while the black soil of 
BOuthem Gfijrfit is probably derived from the neighbouring trap rocks, the light-coloured 
alluvium to the northwards may have been brought down by the rivers flowing from countries 
still fiirther to the north; and he has speculated on the possibility of the Indus having once 
discharged its waters in this direction. 

BUevation may also have played its part in the conversion^’'these alluvial tracts into 
dry gconnd ; and there is better reason for sospeoting its action hkre timn farther to the 
nSrthwaid; for, ahmg the soutir coast of K&ttifiwfir marks of a comparatively recent rise 
imp'In a MS. report by Mr. Theobald, written in 1868, mention is made of the 
cchmfrie|fie. and s^ulss on the foundations of an old building beside a creek at 

to. ntd of utraes north of KwUt by tbe IhiddhlsMiiliiiMse tinveUen of the eetenib 
e«o^.<^-Aw Amlent Oeogn 
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P&t&n, wMch are now only readied by high floods; and dead oysters, evidently quite recent, 
wore fondd in various creeks and especially in one at Forbandar, 20 feet above the level at 
which they now live. The evidence collected by Mr. Theobald appeared to show tliat a rise of 
10 feet had taken place in the course of the year 1956. The changes of level in ttio Itan of 
Eachh during the earthquake of ISIO* are well known, but in that instance, elevation of one 
tract was accompanied by depression in another. The vast expanse of water which Sir 
A. Sumes found around Sindri in 1828 has, however, now been mainly reconverted into dry 
land; and Mr. Wynne in 1868 reached the reins of Sindri fort from Eachh on a camel. 
This change appears due to the deposition of silt, the cause to which may be attributed 
the conversion of the whole Bon into a land area. 

Alluvium, besides occupying the delta of the Indus, the Ban of Eachh, the southern 
coast of the same province, and a large tract extending northward and eastward from the Gulf 
of Ehamb&yat, covers nearly the whole of Surat district, and occupies a considerable proportion 
of the country to the southward, forming plains which, near the coast, intervene between the 
trap hills as far south as Bombay. It appears probable that some of the hills in the Northern 
Eonkan have been promontories or even islands in the sea, and it is recorded that within his* 
torical rimes the hills of Bombay island were unconnected with each other. Their union has 
been due partly to artificial means, but chiefly to the accumulation of sand and silt. Unques* 
tionably, unless man interfere, or some great change take place in the configuration of the 
country, the harbour of Bombay, the sole survivor of the inlets, which must once have been 
numerous, must be gradually silted up in the course of age. But as no stream of importance 
enters the harbour, the process is not likely to be so rapid as to cause serious concern as yet 
to those interested in the commerce of the port. 

Littoral concrete ,—^An agglutinated calcareous mass of shells and gravel is found in 
many places along the coast. Some is seen in Bombay island, the ^planade consisting of 
it, and a port of the fort being built upon it; it also occurs at Mahim and in places on the 
shores of the harbour. To the northward it is met with here and there as &r«as Dam&n; 
it may show slight elevation of the coast line, but the amount of rise is very trifling. 

Upon the miUlolite of SAttifiwdr the some formation is much more largriy developed. 
It here assumes the appearance of a calcareous g^t, containing marine shells and corals, and 
occasionally attaining a thickness of 60 feet. The species of animals found in it are, so far 
ns is known, identical with those now inhabiting the coast. The evidence thus afforded of a 
recent elevation is on addition to that previously quoted. 

Bloch soil .—Soils scarcely enter into the geology of a country, as they are simply the 
surface altered by exposure, organic agency and agriculture, but it is impossible entirely 
to overlook the widely spread *«rigar”^or "cotton soil." This is a black, grey or brown 
loom, varying much in character; tenacious and adhesive when wett^; light,crumbling 
and intersected by cracks when dry. It is found throughout the trap area, being in this 
inatATinA a produot 'of the decompositbn of the volcamo rock, and every step in the passage 
from one to the other may often be witnessed in smaifl roadside sections. It does not, 
however, fiillow that all soils derived from the trap are black, nor that no black soil is 
produced by the decomposition of other rocks. Red soil is often seCh within the trap area; 
and true cotton soil, inferior in fertility, however, to that produced by the volcanic formations, 
is met with in Southern India, in the K&veri valley fmr instance, in a country which there 
is no reason to, suppose ever contained trap. A very similar black aUuvial deposit forms 
in the back-waters of the coast. 

"Eigar,” in short, appears to be a more or less atpllaceous swl, impregnatod with 
organic matter. 
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Id the preceding sketch no attempt has been made to write a geological history of the 
country; for that purpose iar more data mnst be aooumulatod than are at present available. 
Very much remains to bo done before the geology of Western India can be said to be even 
toleinbly well known. Of the rocks in many parts of this immense area, no descriptions 
exist except occasional notes collected by travellers; and even in the portions to which the 
Qeolo^cal Survey has been extended, the examination has, in many cases, been but partial 
preliminary. There is yet a wide field open to the geologist and naturalist, and there 
is no part of India which wiU in all probability more thoroughly repay careful search and 
enquiry than the Bombay Presidency. The chemical and lithological peculiarities of the 
trap formations and the minerals contained; tho fauna and flora of the intertrappean beds; 
the muHitudo of organic forms in tho Nummulitio rocks of Gfijrdt, Eaohh, and Sind; the 
mammalian bones of the Miocene and Pliocene conglomerates and gravels;—all promise 
a mass of important discoveiics to any one who will devote time and labour to their 
invos%atioa. 

W. T. BLAEFORD. 
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auriierous quartz from New Zealand. 

W. TBEonaiiD, Esq. —Three stone implements firom Burmah. 

F. Minchin, Esq., Aska, Ganjam.—^Portion of tax elephant's tusk from near Juggemathimr. 

„ „ A specimen of quartz (psoudomorphic), Ganjam. 

„ „ A specimen of calcareous tufa from near Motajory. 

S. Kusz, Esq., Botanical Gardens.—^Two specimens of fossil wood. 
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Akdeusok, Jonir .—a Report on the Expedition to Western Yunan vid Bham6, (1871,) 

8vo., Calcutta. 

GovBBiruENT OF Iedu, Fobbiok Defabtuebt. 
Catalogue of the Printed Books in the labrary of the Sodety of Writers to H. M. Signet 

in Scotland, Fart I, A.>L., (1871), 4to., Edinburgh. ^ 

CVBATOBS OF THE SlOKEX LiBBABT, EdINBUBOH. 
Haxdeb, F. V.—Preliminary Report of tho United States Geological Survey of Wyoming 

and portions of contiguous territories, (1871), 8vo., Woslungton. 

Thb Auxbob. 

Fdinss, V. L. V., et MiCBAtrn, A. L. G.—GaJerie des Mollnsques, Vol. I, (1838), II, (1844). 

With Atlas of 70 plates, (1888*1844), 8vo., Fans. 

Wi(iiS, WAJtiBB.vM'Tho water-power of Mune, (1869), 8vo., Augusta. 
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American Joomal of Conchology, Vol. VII, part 3, (1871-72), Svo., PhiMelpUia. 

„ • „ of Science and Arts, 3rd Sor., Vol. II, No. 13, (1871), 8vo., New Haven. 

Annales des Minea, 6th Ser., Vol. XX, Bv. 6, (1871), 7lh Ser., Vol. I, Bv. 1, (1872), 8vo., Paris. 

L'Aduins. des Mikes. 


Annals and Magazine of Natural Histoiy, 4tli Ser., Vol. IX, Nos. 49-63, (1873), 8vo., London. 
BIiOCHMakk, H.—BibBotheca Indica—^Ain-i-Akbari—New Series, No. 348, Faso. XIV, 


(1873), 4ito., Calcutta. 

Goveekuekt of Ikdia, Hohe DEFABTUSmr. 


Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. Ill, Nos. 8-10, 

(1872), 4to., Bombay. 

Gotebnuent of Ikdia. 


Lbohhabd, G., dbd Geieitz, H. B.—^Neues Jabrbueb fiir Mioeralogie, Geologie, and Palaeon- 

tologie. Jahrgang, 1871, Heft IX, (1871), 8vo., Stuttgart. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 

Vol. XLII, Nos. 383-387, (1872), 8vo., London. 

Mabtini ded Cheueitz.— Systematisches Conchylien Cabinet., Lief. 207, (1871), 4to., 

Niimberg. 

Petebuaee, Db. a.—G eographische MitGieilangen., Band XVII, pt. 12, (1871), and 

Band XVIII, pts. 1-4, (1872), (1871-72), 4to., Gotha. 

Ffeiffeb, Db. L.—Malalcozoologische Blatter. Band XVII, Bg. II, (1871), 8vo., Cassel. 

The Quarterly Journal of Science, Nos. XXXIII & XXXIV, (1873), 8vo., London. 

Tboschel, Db. F. H.—^Arohiv fiir Natuigeschichte. Jahrgang, X^VII, heft 3, (1871), 

8vo., Berlin. 


GOVERNMENT SELECTIONS. 

Bbeoal. —Administration Report of the Meteorological Reporter to the Government of 
Bengal for the year 1871-72, (1872), dsc., Calci^|ta. 

Govebeueet of Beeoai. 

„ Blaefobd, H. F.—Report of the Meteordogical Reporter to the Government of 
Bengal. Meteorological abstract £}r 1871, (1872), Use., Calcutta. 

Govebeheet of Bbeoal. 

„ Vaeeeeee, Col. D. C., ancf Macdoeald, Majob Johe.— General Report on 
the revenue survey operations of the upper and lower provinces 
in Bengal, induding Boundary Commissioner’s Report for season 
„ ’ 1870-71, (1872), flso., Calcutta. 

Govebeheet of Bbeoal. 


Bbitisb Bdbma.-— British Burma, Revenue Department, (Customs). Report on trade and 
^ customs for 1870-71, (1872), 8vo., Rangoon. 

Chief Cokiiissioeeb of Bbitibh Bubha. 

„ British Burma, Revenue Department. Report on tiie revenue adminis¬ 

tration for 1870-71, (1872), 8vo., Rangoon. 

Chief Cohuimioebb of Bbitibh Bubha. 

OsETBAij PBoviECiS."“Annual Rqiort of the Sanitary Commissioner for the Central Pro* 

Vinces, 1870, (1871), 4to., Nfigpdr. 

Chief CoiuiiasioirEB, Ceetbal PboviIicbs. 
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Cbktbal Fbotutobb.—Kb^tzhoe, Libitt. Co%. B. H.—Beport on the adminuttatioh of the 

Central ProTinoes for the year IBIO'II, (1871), 8vo., N&gpdr. 

Chief Cohmibsiokeb, Cbbtbiii;i Fboyinces. 

Ikpia.—S elections from the records of the OoTemment of India, Foreign Department, 

No. 84. Beport on the political administration of the B^- 
pootana States, 1870-71, (1872), 8vo., Calcutta. ' 

GoTBBNHEin! OF iNDia. 

„ Selections from the records of the GoTemment of India, Foreign Department, 
No, 86. Beport on the political administration of the terri¬ 
tories comprised within the Central India Agency for the year 
1870-71, by Major General H. D, Daly, o. B., (1872), 8vo., 
Calcutta. 

Gotebkheni of India. 

„ Temfib, Sib Eichabd.—F inancial Statement, 1872-73, (1872), 8vo., (Meutta. 

. Govbbkubnf of India. 

„ ThdidIiIBB, Col. H. L. —General Beport on the topographical surreys of India 
and of the Surveyor General’s Department, Head Quarter 
Establishment, for season 1870-71, (1872), flsc., Calcutta. 

Sdbvbtob Gbnbbal of India. 

„ Watbbhousb, Ittxxjv. J.—Beport on tiie cartographic applications of photography, 

1870, 8vo., Calcutta. 

Sdbveyob Gbnbbal of India. 


TRANSACTIONS, &o. 

AnansTA.—'Fourth Beport of the Commissioners of Fisheries of the State of Maine for the 

year 1870, (1870)^ 8vo., Augusta, 

PoBTLAND Soo. OP NaTDBAL HiBTOBT. 
Beblin. —Monatsberid^t der konig, Freuss. Akademie der Wissonschaften, January and 

February (1872,) (1872), 8to., Berlin. 

The Academy. 

„ Zeitschrift dor Deutschen Geologischen Gesellschaft, ^nd YTTTT , heft 3, (1871), 
8to., Berlin. 

The Society. 

Boston .^Memoirs of the Boston Society of Natural History, VoL II, pt. 1, (1871), 

4to., Boston. 

The‘Society. 

„ ^Froceedings of the Boston Society of Natural History, Vol. XIII, pp. 225-368, 
(1869), 8ro., Boston. 

The Society. 

CAlCDOTA.-Journal of the Asiatic Society of Bengal—New Series, VoL XL, pt. L No. 3. 

**• a87l). 

** M n ,, Vol. XLI, pt. I, .No. 1. 

(1872). 

„ ” » M „ Vol. XIlI, pt. II, 

Nob. 1-2, (1872), a87l-72), 8vo., Calcutta. 


The Society. 
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Ci.tcuTrA.‘~Prooee<}ings of tihe As^c Sodefty of Bengal, Nos. IV^VI, (1872), 8 to., Calcutta. 

Thb Socibtt. 

„, Becords of ilie fleolc^ical Survey of India, -Yol. Y, pt. 2, (1872), 8vo., Calcutta. 

, The Subvby. 

» • 

iCauBfiiDaB. Mass.— Annuid Beport of the ^Krustees of the Museum of Comparative Zoology 

at Harvard College, in Cambridge,' together with the Beport 
of the Director for 1869, (1870), 8vo., Cambridge. 

Mhsbttm: of Comfabativb ZoutooT. 

,, Balletin of the Museum of Comparative Zoology, Cambridge, Mass., 

Nos. 1-13, (1862), 8vo., Cambridge. 

MuBBUU of CoUFABATIVE ZooIiOOT. 

„ Bulletin of the Museum of Comparative Zoology, at Harvard College. 

Cambridge, Mass.— 

Yol. II, No. 1. On the Eared Seals (Otariadre), with detailed descrip¬ 
tions of the North Pacific speoiei^ by J. A. Allen, together witli 
an account of the habits of the Northorn Fur Seal (Callorhinos 
Ursinus), by Charles Bryant, (1870), Cambridge. 

Yol. n. No. 2. Preliminary Beport on the Orustacea dredged in the 
Gulf Stream in the Straits of Florida, by L. F. De Fourtales, 
Pt. I, Brachyura, (1870), 8vo., Cambridge. 

Yol. II, No. 3. On the Mammals and Winter Birds of East Florida, 
with an examination of certain assumed specific characters in 
Birds and a sketch of the Bird Fauna of Eastern North America, 
by J. A. Allen, (1871), 8vo., Cambridge. 

Musbum of Coufabatiyb ZoSloot. 

„ Illustrated Catalogue of the Museum of Comparative Zoology, at 

Harvard College:— 

No. I. Ophiuridm and Astrophytidee by Theodore Lyman, 1865. 

♦ 

No. II. North American Acalepba) by Alex. Agassiz, 1865. 

No. III. Monograph of the North American Astacidse, by Dr. Hermann 
4 . Hagen. 1870, (1865 and 1870), 4to., Cambridge. 

MtrSBTTU OF CoUPABATTVB ZoOLOOT. 

Dublih. —Journal'df the Boyal Dublin Society, No. XL, (1872), 8vo., Dublin. 

Thb Socibtt. 

Flobbnob. —BoUettino B. Comitato Geologico d’ Italia, Nos. 1 and 2, (1872), 8vo., Florence. 

- Thb Socibtt. 

Lohdon.— ^Proceedings of the Boyal Society, Yol. XIX, No. 129, and Yol. XX, No. 130, 

^ (1871), 8vo., London. ■ 

Thb SociBrr. 

„ Quarterly Journal of the Geological Society of London, Yol. pt. I, 

No. 109, (1872), 8vo., London. 

Thb Society. 

M Bbitish Mttsbitk—Waikbb, Fbancis. Catalogue of the specimens of Hemiptera 

Heteroptera in the Collection' of the British Museum, pt. lY, 
(1871), 8vo., London. 

Bbitish MvsBtrv. 
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M« tBQng»i8.~-Minflrfl,l Department, Victoria. Mineral StMiatioB of Victoria for the year 1871, 

(1873), flao., Melbourne. 
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„ Victoria. Bq)ort8 of the Mining Snrveyora and Begistrare ibr quarters 

ending SOth June 1871, 30th September 1871, and Slst December 
1871, (1871), iisc., Melboucpe. 
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New IIavbn. —Transactions of the Connecticut Academy of Arts and Sciences, Vol. I, 

pt. ir, (1867-1871), VoL n, pt. I, (1870), (1867-1870), 8to., 
New Haven. 

The Acadeuy. 

Pbilapelphia.—J ournal of the Franklin Institute, 3rd Series, VoL LXI, Nos. 3-6, (1871). 

„ „ „ „ „ Vol. LXII, Nos. 2,3,5 and 

6, (1871). 

„ * „ ,. „ „ Vol. LXIII, No. 1, (1872), 

(1871-1872), 8vo., Philadulphia. 

Thb Inbtitutb. 

„ Transactions of the American Philosophical Society, Now Series, Vol. XIV, 

pts. 1 and 2, (1870), 4to., Philadelphia. 

The Society. 

„ Proceedings of the American Philosophical Society, Vol. XI, Nos. 83-85, 

(1870), 8to., Philadelphia. 

Tub Society. 

Salem.— Proceedings and communications of the Essex Institute, Vol. VI, pt. 2, (1868- 

1871), (1871), 8vo., Salem. 

The Imstitote. 

„ Bulletin of the Essex Institute, Vol. II, Nos. 1-12, (1870), 8vo., Salem. 

Thb Iestitutb. 

„ Packard, A. S. Record of American Entomology for the year 1869, (1870), 8vo., 

, Salem, 

- Thb Imstixutb. 

„ To-day: a paper printed during the Pair of the Essex Institute and Oratorio 
Society at Salem, Mass, Nos. 1-5, (1870), 4to., Salem. 

The lEBTiroTE. 

„ Second and Third Annual Reports of the Trustees of the Peabody Academy of 
Science for the years 1869 and 1870, (1871), 8vo., Salem. 

Thb Acapbmy. 

„ The American Naturalist, Vol. IV, Nos. 3-12, and Vol. V, No. 1, (1870-71), 
8vo., Salem. 

Thb Academy. 

Tcbih— Atti della R. Accadeftfa dcUe Scienxo di Torino, Vol. VI, Nos. 1-7, (1871), 

8vo., Turin. 

Thb Acadbky. 

„ della Beale Accademia delle Scienze di Torino, 2nd Set., Vols. XXV and 

XXVI, (1871), 4to., Turin. 


The Acadbmt. 
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Beale Accademia delle Scienze di Torino Begio Oaseryatorio Atlanta di Carte Colesti 
continenti le 634 stelle principal! visibili alia latitudine Boreule* 
di, 45®, (1871), fol.; Torino. 

The Aoidekt. 

,, BoUetrino Meteorologico ed Aatronomico del Begio Ossenratorio dell’ Universita di 

Torino,«Anno Y, (1871), oblong 4to., Torino. 

The Acadbuy. 


Yieeea.—Y erhandlungen der k, k. geologiscbeu Beicbsanstalt, Noa. 11*13, (1871), 8vo., 

Wien. 


The Institcte. 


„ Jalirbucb der k. k. geologisoben Beicbsanstalt, Band XXI, No. 3, (1871), 8to., 

Wien. ■ 

The iNSTITtTTE. 

Washieotoh.— A nnna.1 Beport of the Board of Begenta of the Smithsonian Institute, 

(1871), 8vo., Washington. 

The Iestitute. 

„ Beport of the Coiomissioner of Agriculture for 1869, (1870), 8vo., Wash* 

ington. 

Deft. AaEicuLTUBE, U. S., Ahebica. 


Jvly Zrd, 1872. 



2^ote ,—^The following mistakes escaped notice in the first part of thp 
present volume:— 

Page 18, line 8, from bottom, for Hsematite read Tremoiite. 



20, 

ff 

3, 

99 

say- 

99 

vary. 


20, 

n 

12, 

99 

chrysolite 

99 

chrysotile. 


20, 

)i 

89, 

99 

and crystalline 

99 

to finely cryst, 


aa, 

» 

4, 

99 

starry 

99 

strong. 

>9 

aa. 

» 

5, 

99 

faUs 

99 

fuses. 

99 

aa. 


11, 

99 

white 

99 

rutile. 















or rjBGi 


GEOLOGICAL SUEVBY OF INDIA. 


Fart 8.] 1873. * [August. 


Notes oit a Cblt found, hy Mb. Hacebt the obsifbboits deposits of the KabbadA 

Valeby (Pliocbbb ^Fadcokbb) : on the aob of the deposits^ hy Mb. H. B. Mbdlicott ; 

on ike associated shbiTiS* "by Mb. W. Theobald. 

The celt is fomed of ‘Ylndhyan q^oartzite, sach as might be procured at any point along 
the northern edge of the valley; it is of the pointed oval shape, S" X d"f, of very symme¬ 
trical outline (see Egure); and, although rather roughly chipped on the faces, it is unques¬ 
tionably a manufactured article. Mr. Hacket dug it oUt himself from where he found it 
lying flat, and two-thirds buried, in a steep face of the stiff, reddish, mottled, unstratified clay, 
about six feet above low #Bter level, and about, three feet below the upper surface of the 
clay, upon which ^ere rested about tweui^ feet of ihe gravel with bones. From the edge of 
the cliff of gxavri, there is a steep sbpe passing up; thj'bu^ riie ravme ground, so common 
along the bOirier (ff the main rivet oluumels» jiiuthe genertd letd of the plains, at 00 to 100 
feet above the level of the Narba^.; ^e loealiiy is on tixe lefjb.lnutkdf th]e^lil'arbad&, near 
the village of Bhutea, ^Ightuules doe Borih of . Ghriarwara. . . ' " 

The age'of the oxn^ous dn bringing fprvrard an authenrio specimen of 

hu|nipaimanufa(Hnue,i^^ the ossiferous d^osits of the l^badA valley, some expression of 
o^idon vHH be eiqke^jt^d' fipm geologists in India regarding the age of those well-known beds ; 
tl^jp^it^e. so be^uso. a hiune has h^n already applied to them by ‘ a high authority, implying 
mpre remote than that of any human remains as yet found in other coun- 
triMi ; I|;i all questions relating to the determination of vertebrate fossils. Dr. Falconer's 
judgmoiat oandes great weight. In India he has not as yet bad a competitor in this line of 
research'; and even in Europe he took a leading part in tim same studies, connected with the 
inquiry into the antiquity of man. Hd determined a number of fbssil bones from the Nar- 
bad4 deposits, and invariably spoke of them as pliocene. 

( _ F 

In 1868, the Sn]>erintendent of the Oeologioal Survey described in these Records (Yol. I, 
p. 66,) an agate l^e, or knife, found by Mr. Wynne in the ossiferous clays, of the GodAvarf 
valley, which he efBlUted to like deposits in other paits of India. In this connection Fal¬ 
coner's views were quoted at length hy Dr. Oldham ip a tosye of high approval, without any 
J^resrion of dissent or of question as to the matter of age; and thus at least a tacit assent 
and a fresh lease of life was given to the ojnnion that these deposits belong to the pliocene 
age of gericgists, the name being used by both authors iU the confident expeotataon that 
these deposits, would yield evidence of maa’s existence, t db uqfe pretend that the question 
of age can be finally, settled now; but it is important to point oat that the oputioa quoted is 
not vrell founded. 'i" . . 
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Tor those who are not posted up in such matters, it is well to point oat the oonsiderabie 
Ustorieal license that is taken in this application of the name {diooene. In the accepted 
^eologidal nomenclature the tertiaij formations end with the newer pUooene. Although the 
post^teriiarj period is as nothing comped with the precedmg geological ages, it still 
represents a great lapse of time, for an estimate of which we are entirely dependent upon 
geol(^caI evidence. After passing the recent, or prehistoric, period, in which all the animals 
are m existing species, we get into the post-pliooene, or pldstocene, period, in which a 
variable proportion of the mammalian remains are of extinct species; and according to the 
distribution of these extinct mammalia, the deposits are arranged into late, middle, and early 
pleistocene. Nearly all the old river-gravels and cave-deposits with the human remains, 
about which so much has been published in the last few years, belong to the late pleistocene, 
or, as it is sometimes ealled, the quaternary period; this name being sometimes also used as 
equivalent to the* whole pleistocene, and preferably so in my opinion, as distinctly marking 
its post-tertiary date. Thus it may bo said roughly that the oldest human remains in Europe 
<only take us about half-way back in that post-tertiary time. Almost the whole of the 
glacial period)—during which England was in great part submerged, and the glaciers of the 
Alps filled the great valley of Switzerland to high up on the flanks of the Jura,—^intervenes 
between those ossiferous valley-gravels and the newer pliocene, or even the early pleistocene. 
Some supposed evidence of human remains has been brought forward from pliocene strata in 
England, and even fbom miocene beds in France, in the. form of perforated sheUs, scratched 
and split bones, and very mdely-chipped stones; but the correctness of these interpretations 
has been denied by competent and quite unprejudiced judges.* It may, therefore, be said 
that from the stand-point of existing information, the genuineness of human remains from 
pliocene strata, or the true pliocene age of strata containing human remains, would call for 
particular proof; or, not to disguiae the point, supposing (as seems almost probable) man to 
be an exalted chimpanzee, it is quite an open question whether the change may not have 
ooourred in post-tertiary times—so little positive is still our knowledge of geologic time 
and of the method of organic evolution. 

Even some geolog^ts seem to need to be reminded that the teithury period and its 
sub-divisions are based upon the testacea only, upon the proportion of living to extinct 
species of fossil shells, not of fossil remains in general. The fitness of this limitation was 
gpiaranteed in tiie fibrst instance by tiie judgment of its distinguished author; and it has 
been justified by the universal adoption of the classification based upon it. It is with no 
small astonishment, therefore, that we hear of the grounds given by Falconer for calling the 
older deposits of the Indian rivers pliocene. After telling us (Fal. Mem., YoL 11, p. 644), 
on tile authority of the QeologLcal Surv^, that the shells are all of existing forms, although 
in somewhat different proportions to those now inhabiting the Narhadfl valley, he adds.— 
"In designating the formation as pliocene, which I have done during many years, I have 
‘^'been guided by the indications of the mammalian fauna, as intermediate between the 
miocene of the Irrawadi, Ferim Island, and the Slvalik hills, and that of the existing 
period.” That is, he takes upon himself to use the word pliocene in a sense quite foreign 
to that in universal use. The difference noticed here in the relative strength of the moUuscan 
species in the living and the fossil stages is nothing like so great as that in the post-plioomie 
deposits of Europe. For the living rtiations of some of the species, even in the late pleisto¬ 
cene <3bEipoBitB of England, one h«f to go to the Mediterranean or to snb-aiotic waters. !||ie 
wIm^ Falooner^s position is placed upon the mammalian fauna. The act is thus 

either' e dtiibeiate attempt to revolutionise, the meaning of part of our best established 
geeleipl^ nometieletQre, or else the word pliocene is applied in a more abstract sense, im- 


* OsHtice he nterred at pndbt upon tbs miocaieage of Hr. Calvert’s fossil drairtsfs. 
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plying that these deposits in India belong to the age of the pliocene of Europe. Falconer 
cannot be acquitted of the grave error involved in the franiaer position; and one scarcely 
knows whether the error is aggravated or palliated by the fact that his judgment was here 
influenced by his temper. It is piunfuUy evident in his later writings that he took a pleasure 
in ignoring and crossing the authority of Sir Charies Lyell. It was not only to Indian 
deposits that Falconer applied his independent criterion of classification: upon the evidence 
of the fossil mammalia be designated the well-known pre-glacial forest-bed of Norfolk 
as pliocene, in defiance of established usage (loc. cit., Yol. II, pp. 190, 586). One need hardly 
say that his attempt has been by common consent ignored. In a very recent note upon 
the classification of the pleistocene deposits. Dr. Boyd Dawkins points out the very marked 
difference even of the mammalia of the forest-bed from that of the pliocene (Am. Jour., 
April 1873). 

The hint thus given to geologists in India is a very strong one; and the matter would 
scarcely have been worth notice but for the apparent sanction recently gpven to Falconer’s 
words. We are in a manner bound to reject Falconer's criterion as such; and it only 
remains to be seen whether in some non-regulation sense the Narhadd deposits, and with 
them the old alluvium of the Gangetio plmns, can be of pliocene age. It is of course 
conceivable, albeit in contravention of the harmonies of nature so fiir as known, that the 
mammalian fauna m^ht be veiy strongly in favor of the position taken up by Falconer. 
Although the fossil shells all belong to species now living in the neighbourhood, the mamma¬ 
lian forms might (at least in argument) be of such antique types as to bear down the 
standard of the shells. Nothing of the kind, however, is the case. Falconer repeatedly 
insists, on the one hand, upon the perfect .distinctness of the Narhadd &una from that of 
the Sivaliks, and on the other hand, upon its strong affinity to living forms. He speaks of the 
Narhadd fossils as “in time only a little ahead of existing species” (op. dl, YoL I, p. 21). 
He nowhere says that the Narbadd fossils are in any spedfic sense pliocene; but only, with¬ 
out any attempt at predsion, that he calls the deposits pliocene because the mammalian 
fauna is intermediate between the miocene of the Sivaliks and that of the existing period. 
It is a great testimony to the authorily of Falconer’s name that an innovating opinion, 
without even an attempt at defence, should have met with any consideration. I do not, 
indeed, presume that Falconer’s statement of age has ever recdved much countenance from 
students in Europe or elsewhere; but since an apparent approval of it has been issued by a 
high authority in India, it is well, on so fitting an occasion as the present, to examine the 
merits of the case. 

As regards fossil man in India, Falconer’s speeolationB were based a good deal upon 
hiologioal assumption and geol<^ical misconoeptionB. It is not quite certain thpit d priori 
the oldest marks of intelligence tbat can be called human are to be looked for, as Falconer 
tells us, “ in the great aUnvial valleys of tropical or sub-tropical rivers.” If the aualcgy of 
historical times may be taken into account, it would not be under conditions fovorable to 
nalfftd nftffg n-Tifl lazluesB that we should expect contriranoo to be bom. We may indeed 
find the most monstrous form of the ape in the deposits of tropical re^ns; but it may 
be quite possible we should look for the earliest trace of humaniiy in the' regions now 
most fiitvoorable to its development. 

* Mixed up with Falconer’s mythical, biological and physioo-geograpfaical speculation upon 
the cradle of the human race in India, there is frequent very vague mention of geological 
oonditiona; and here we come upon his weak point. It is .an excellent example of a 
confusion very commonly made—showing how a may he in the first ranks as a 
palseontolo^st, and in that sense a' geologist, and yet possibly be a very poor geol<^t 
in the stricter and primary sense of .the word. Although Falconer’s clear instimst 
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of obiem;(ion led him to the broad conolusion that the ffivalik strata were formed of 
debris eonveTed through the existing river-channels (op. oit., Yol. I, p. 8), and deposited 
along the base of the mountains, it may almost be said that he nev^r made a geologioal 
observation in any particular sense of ihe action. The most amazing instance of this ap¬ 
pears in the explanation he gives of the absence of lakes along the base of the Himalaya, 
as compared with the Alps. He tells us (op. cit., YoL U, p. 650,) that for ten or twelve 
years he puzzled over this problem on the ground; yet he accounts for the absence of lakes 
along the base of the Himalaya. by there never having been glaciers to prevent the silting 
’ up of the basins. The absence of the basins themselves seems never to have occurred 
to him, although all the Himalayan rivers are rock-borne torrents in the r^on of the 
missing lakes.* 

As more directly bearing upon the point before us, it would seem that, in the absence of 
such conspicuous evidence as the marine boulder-drift of Europe, separatii^ the ossiferous 
valley-deposits from all the tertiary formations. Falconer failed to observe the very marked 
stratigraphical features that do occur. He speaks of there being no break visible in the 
tranquil succession of deposits; that “the present physical order of things, modified only 
by alterations of level, by upheavement and depression, could be traced back in an un¬ 
broken chain to the ossiferous strata of the valley of the Natbadfi and of the Sivalik hills” 
(op. dt., Yol. II, p. 6/6, and Quar. Jour. Geol. Soo., London, Yol. XXI, 1866, p. 386); 
he constantly speaks of the Sivalik hills as “ an upheaved portion of the plains of India." 
All this is excee^gly inaccurate and misleading. I have added many proofs to at least one 
point of Falconer’s description, that of the distinct connection of the Sivalik deposits with the 
present local mountain-features; but the most cursory examination reveals to the geologist 
great gaps in the series of deposits. At Hardwar, a place well known to Falconer, the 
old alluvial day of the plains is found resting upon a deeply denuded snsface of vertical 
topmost Sivalik strata. The relation is stratigraphically similar, and probably nearly his¬ 
torically corresponding, to that of Loess of the Rhine to the Molasse of Switzerland. There 
is full evidence, too, that the glacial period was sensibly Mt in these regions: in the Xangra 
valley, where a range of considerable elevation (the Dhaoladhar) occurs close to the edge of 
the low hills, I found unquestionable glacial erratics scattered over a surface of the Sivalik 
formations, at a present elevation of 3,000 feet above the sea (Mem. Geol. Sur., India, 
Yol. Ill, p. 166). I do not doubt that if we could fetch up a meridional slice of the 
Gangetic plains, we should find deposits representing the whole interval indicated; and it 
is not improbable that the aeries may yet be picked out from outcrops in different parts of 
India. What I want to show is that the two ie;^ of the series we now have hold of—the 
old Gangetic alluvium and the Sivalika—are very wide apart; and so, that the Sivaliks 
being oldev pliocene or upper miooene, the other may be ever so recent. 

If we make any attempt to gauge the age of the old alluvium from the other side, 
we are led pretfy much to the same result. All purely geological computations are 
. estimates of work doqe; and we have thq immense advantage of knowing that the 
opeiatives never idle, or never even take rest. The final appeal for the antiquity of the 
remain in the valley-gravels and cave-deposits of Europe is not to the little-known 
lews and conditions r^ulating the extinction of speoies, but to tiie mechanical work done 
in sltofing tibe features of the.,^untiy, in excavating vHlde valleys, or in laying out broad 
to the date of those remains. It is quite true that the result here, too, 
1# W apiiitwniation withm vtifio Hmits; that the independent variables of the problem, 

1 ^ ItmuafisdikiS tWak upon whose Cbiscw^lon Bit Ofasrles LyeU csonld have adopt^ such a view as this, 

Hw pttssle Is now dearsd op, USir Chsrles, as Falooner sui^Kwed. 
aqiua^ Without Soknowledg nlut, h« «d not shnyt gain tiv the tnmsecthm. 
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while largely the result, can only he indirectly conjectured, for instance, a change 

of lerela would greatly affect the eroding and depositing power of rivers; or a change 
of climate and of ndufsll, with perhaps tiie addition of severe frost, would have a liho dis¬ 
turbing e:&ot upon the work done, without our being able to assign the amount of those 
by-gone conditions. But taken all in all, reliable indications, and comparative, if not actual, 
measurement can be made. 

The Narbadli valley, meaning that broad area of the river's course from where it 
leaves its gorge in the trappean plateau of Mandla near Jabalpdr, to where it enters its 
narrow gorge through the Vindhyan quartzites below Hosungab&d, is about as unfavorable 
a case as one could select to exhibit symptoms of change. It is a rock-basin, a valley 
excavated chiefly, if not entirely, in crystalline and slaty metamorphio rocks, between two 
plateaus of little-disturbed sandstone-formations, the Yindhyau on the north and the 
M&h&ddvd on the south, and converted into a rock-basin by some osdllation of levri. It 
would seem that the change was not rapid enough to produce a lake, for in all the sections 
now exposed coarse gravels occur. As soon as this basin had received the charge of deposits 
due to this change of level, and supposing no further earth-movement to occur, the change 
of features to what we now find would depend upon the eroding power of the river to 
lower the rim of the rock-basin, and thus gradually to bring under denudation the deposits 
it had so lately laid down. If then we could fix the maximum thickness attained by the 
d^osits, and also the rate at which the river can lower its gorge of dischatgo, we could 
assign something like actual dates for the successive phases both of denudation and of 
deposition, on this supposition of normal conditions, without interference of crust move¬ 
ments or other occasional forces. The process is now going on. The river at least cuts faster 
than pluvial denudation can work in lowering the general surface, for its bed is now 
some 60 to glOO feet below the level of the adjoining plains. There is nothing to suggest 
that the depth of the valley-deposits ever much exceeded what we now find. The plains 
deposits never extended into the valleys of the Sdtptlra, some of the minor streams from 
which are still accumulating materials upon the dexmsits of the main valley. There are 
nowhere any signs of high-level deposits, along the borders of the basin, whether remnants 
of a former phase of denudation of the actual valley-formation, or (like the ossiferous gra¬ 
vels of Northern Europe) remnants of deposits formed in a more ancient shallower rock- 
valley. The ossiferous beds of the Narbadd seem to be simply a member of the last and 
only valley-deposits, which have now for a long period been undergoing denudation. But 
I know of nothing to suggest that the change from deposition to erosion supervened at a 
time much prior to the ' recent’ of the geological scale. 

The only debateable stratigraphioal point upon which a stand might be made, is 
whether unconformity occurs, indicating a general and possibly a great interruption of 
deposition between the ossiferous beds exposed at or near the present level of the river 
channels and those above them. I have examined many sections with a view to testing this 
supposition, but I have failed to confirm it One often finds local unconformity—coarse 
gravel upon a weathered surface of stiff clay; but these ate no more than must occur in 
the normal process of formation of river deposits; and most frequently it is impossible to 
detect any break in the section. The fossils, moreover, occur largely in the gravels above this 
supposed unconformity, without any suflScient grounds for supposing them to have been 
washed out of the clays. Thus, then, there is nothing like a corresponding amount of 
evidence for work done here rince the age of these bones, as theie is in Europe for work 
done since the formation of the (Msiferous gmvels and cave-deposits $ although the permanent 
staff of operatives is much more powerM in the fo^rmer case. Every season there occurs in 
the Narbadfi a rise of from 40 to 70 feet, with a stream of great force. It is, ss I have 
sud, imjKMsible to make an exact comparison, on accodht of, the undetected influences (hat 
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. may hare been at work on eiiker aide to accelerate or to retard. I only wiak to point out 
that there is no pteanmption, either palaeontological or meohuuoal(tbat .theBeNarbadfi depo8it» 
are older than the late Fleiatooene. 

K we tnxn to the great Gangetio valley, the old allnvinm of which Falconer ranked 
with the Naxhad& beds, the physical arguments lead us to a like conclusion. Here we have 
not to deal with a rock<basin; and the conditions are inore appreciable. In the upper part 
of its coune the Ganges cuts a broad abrupt valley, 60 to 100 feet below the level of the 
adjoining plains. In the lower region of the pluns the denudation has taken a wider 
sweep; the old aUuvinm has for the most part been removed, isolated remnants of it only 
being found; and those, at least towards the modem delta, are being enveloped in the 
encroachii^ deposit of its alluvium. On the whole, the features of denudation in the Ganges 
valley seem to imply that this action was brought about by the subsidence of a former 
delta of greater extent than the present one, not by an elevation of the mountain region. 
Along the upper edge of the plains, the minor mountain-streams are still massing deposits 
continuously over the old alluvium; and in some of these recent torrential accumulations a 
fossil Hindd viU^e has been dug out. If we now turn to our compturisons, it is evident 
that the signs of change and of work done here are nothing like so great as that recorded 
of the Rhine and the Danube in their valleys within post glacial times. Or absolutely, 
even stretching to the utmost the legitimate assumption of comparative stabilily of condi- 
tioi^B in India, we can hardly reduce our estimate of the necessary duty of such a river as 
the Ganges, during the period allowed by a minimum computation for the lapse of time 
since the glacial period of Europe, to the amount of work I have invested. So that here 
again the opinion obtrudes itself, that these old ossiferous alluvial deposits are not more- 
ancient than the late Pleistocene. 

From the description given of the implement-bearing lateritio gravels of Smthem TndTa 
by my colleague Mr. E. Bruce Foote (Quar. Jour., GeoL Soo., London, Vol. XXIV, p. 484, 
1868, and Mem. Geol. Surv., India, Vol. X, 1872), 1 should think they may be as old as the 
Narbadi gravels. 

H. B. MEDLICOTT. 

July, 1873. 


The ehelle qf the ott^erous depost^s.—The shells Mr. Hacket has placed in my hands 
for determination are all of them spedes, known to occur in the ossiferous gravels of the 
Karbad&, a list of which is contained in the Memoirs of the Geological Survey of India, 
VoL n, page 284. They are all of them in the mineral condUion observable in tiie shells 
fnun these ossiferous beds, and some of them are embedded in the ordinary matrix of many 
of the fossils of the group, a gravel strongly cemented by Hme. 

The most numerous and characteristic shells are Uniones, of precisely the same species 
ahd varieties as those now living on the spot, and it may be incidentally added, that no 
moUoscoos species is known to be included in these ossiferous beds which is not now living 
in the valley, though many species now living, have not as yet been detected in the gravels, 
whmh IS a &ot not without interest when the revolution is considered which has been 
wrot^lA the vertebrata siase the days of the Hexaprotodon and Tetiaprotodon, 

wMc^ wH^ ^liuiinietoas other pachyderms, pro^scidians, and ruminants, then roamed over 
Gehlriltl. Dladiai, and- ilSsputed -with man for mastery in' the primeval world. 

'^ssomited witix the tJniones, occur also BuUmus pullus. Gray; Melania tuberculata, 
Mill;,; Banetilda coni^asottluB, B.; I^ymniea acuminata, Lam. (?): and a Corbioula, pro- 
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Three epeoies of TJnio occur in the coUection, U. vaboikakzs, Lam. ; U. cjesttlbvs, Lba ; 
and n/4)OBBtTaATUS, Miri<z>., wlikh lAst embraces four distinct races, nsually clasBcd as species 
by most authors, but which, after some study of the Indian fonns of the group, I incline 
rather to treat as local and permanent races, thereby reducing within manageable and natural 
limits the crowd of shadowy species, with which the fiterature of the group is burdened. 

IJ. MABOIKAIiIS, Lam. * 

This species is not uncommon, but is not so finely developed in proportion, in the ossi¬ 
ferous gravels, as the others, neither does it seem to occur quite so well preserved, nor to 
obtain the same weight of valves as in the other species, in which respect it simply agrees 
with the same species now living, which never displays any considerable thickening or 
calcification, under any conditions, however favorable. A perfect example, not fuUy grown, 
measures— 

Breadth ... 571 

* Length ... ... ... 29 > Mills. 

Thickness ... ... 19 ) 

Allowing for slightly broken edges in the fossil, those proportions closely accord with the 
living shell which I give from Manbhoom— 

Breadth ... ... ... 611 

Length ... ... 31 > Mills. 

Thickness ... ... ... 18 j 

A second specimen from these beds, which may be considered fully adult, measures 93 
miUs by 43. 

TJ. CMBtriBtrB, laa. 

This species attains to a superb development in the ossiferous gravels, and merits nomi¬ 
nal recognition, since it does not quite correspond with any variety hitherto separated. It 
may stand as var. Namodicus, Theob. 

Two perfect examples measure respectively— 




a. 

h. 

Breadth 

e • ■ 

66 

46) 

Length 

eaa 

... 31 

24 f Mills. 

Thickness 

• • ■ 

23 

17) 


A precisely similar form is now living in the Narbadfi, and differs less, from the type of 
the species, than some other races in other parts of India do. It agrees generally in the 
form of the teeth, in shape, color, and sculpture, save that each character is heightened in the 
Narbadfi form. The lateral teeth often display a cameous tinge, and the sculpture of the 
valves is not only stronger than in the type, but covers a far greater area, both on the valves 
and their posterior slope. A very similar form, though departing more from the type as 
regards shape, inhabits the Kistnfi valley, where it attains a breadth of 60 mills-^the type 
measuring only 43). 

XT. ooBBtraATCs, MiiXl. 

It is a great pity that the type of that species of TTnio, which seems to nnit^^e greatest 
number of races in India, should be so ill characterised, difSonlt of identification, and appa* 
rently, mth a good series under view, so aberrant from the more strongly marked forms, 
which strict zoological argument reqmres should be united to it. On this subject I would 


* Length is measured at right snglai to s line taogtntl^ to the ventral margin. 
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refer to Mr. Blanford’s contribations to Indiaa Malacology in the Journal As. Soc., 
B^gal, fcr 1866, page 134^ which contain a highly tueful and condensed pamdigrn of 
our Indian tJniones. 

Mr. Blanford is undoubtedly correct in saying that ^ both Lamarck's and Chemnitiz'a 
types (of Cormgatus) are quite distinct from Benson's TJ. fovidens, which has been confounded 
with them," but with a very large series before me, , I consider that this distinction is a 
racial one, not a specific one. 

If the rules of priority would have permitted it, I should have preferred, as the more 
natural course, to have taken Benson's TJ. favidens m the type of that species round which 
so many races or sub-species cluster; but as this cannot be, F. favidens must stand as a 
race perfectly separable, but still only a race of the wretched, ill-nonftehed F. corrugatus, 
MulL, for the epithet “#enera" applied to any of the forms of this robust species, stamps it 
as an abnormal individual, impoverished by un&vorable local conditions, and subjected to 
deficient or imperfect alimentation. 

That the utmost diversity exists between the races which I unite under F, corrugatus 
may well be, since without pretending to anything like a complete knowledge of all the 
forms of this species throughout ite entire Indian range, there must still be admitted sixteen 
separable races, exhibiting very variable degrees of difibrence from each other; even after 
excluding F. Icccveostns of Benson as a synonym of TJ, Ndgporenm, Lea, and uniting 
Nagporemis, Lea, with Wynegungensis, Lea, with which it is essenti^y identical, or too 
trivially distinct to be separated, judging from a large series of both forma 

F. OOBBUOATUS, MuU. 

1. Var. triembolus, B. 

This form occurs very finel'both living and fossil, in the Narbadli. 

A fossil specimen measures— 

Breadth ... ... 66) 

length ... ... ... 40VMilIs. 

Thickness ... ... ... 26) 

and I have no living specimen which quite attams these dimenrions. 

2. Yar. Wynegungensis, Lea. 

A stout trigonal and elongate fbrm, which approaches the U. Icmrostru, JB,, seems 
equally common with the last, and passes into it. 

A fossil spedmen measures— < 


Breadth ... ... 73) 

Length .i. ... ... 39 V Mills. 

Thickness ... ... ... 27 I 

And in this case also I have no living specimen which equals these dim emrinn ff, my largest 
. specimen of this type &om the TfistnA only reaching 60 mtUn- 

3. Yar. Indica, Sow. 

G^is wdl marked form ocean both living and fosril; one of the last collected by 
Mr. Haoket measuring— 


# Breadth ... ... ... 30 \ 

r , , ,Bength ... „ ... 27VMiU8. 

';;^''^«hneM ■ «. isj 

'3%ie, IS .not a ,*larj;e race, as -n fime recent specimen from the Marbodfi only metasures 
® ®**nly coufered to the Karbad6> though I have it also recorded 
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<L Oorragafcas^ li&U> 

Th«* preceding feme pass into on*, wliidi in the young state closely approaches the 
type, save that it is a stouter ahelL 

There is, moreofirer, no fiaty a» r^^ards the sculpture on the valves, so &r as the extent 
covered by it, still the general &cie8 ia that of the type, whidbi, according to Mr. Blanford, 
would seem more conunou in Southern India than in the Gangetio* basin. A fiissil specimen 
measured'^ 

. Breadth ^7^ 

Length ... ... 20 V Mills. 

Tbiokness ... ... 12) 


Jtety, 1873. 


W. THEOBALD. 


KoTR or tub BasIxaBS (€0Al.-aCBijBUBB8)< IB TBB BBrnMOANOCE FfELD, GodAvas! 

Dxsteict, ty WiiiUAic Ekno, b. a., Heputg SuperintendeiU, Geological Surveg 
of India, 

The question as to the existem^ ol coal in the GUtd&varf District, and indeed in the 
Madras PreBidenty>—for the area undor consideration is the only known one of coal*bearing 
rocks u» the British terzitoty to the south of the God&vari rlver->*iB still as full of obscurity 
sw it was when I drew attention to the Beddadanole field last year. I have had, during 
this season, another opportunity of examining the ground most closely, but without success; 
and this search was so close that it does not seem possible that any outcrop of coal will 
ever be found by sui&ce searching. Any fiirther exploration must, therefore, be made by 
boring, and 1 am not without hope that coal may then be found. 

2. The most important pointy and m fact the only tangible one to he relied on, is that 
the rocks of the Beddadanole area are Bar&hare; that is, they belong to the lower member 
of the DahiIdA Sbeies, or the coal-hsaring rocks of India. It is true that no seam of 
coal is visible, hut this does not at aU necessarily imply the uonrexistence of coal. 

3. To tty and show that coal may exist in this field, I shall compare it with other 
adjacent fields, cix., that to the north'Wesl; on the Godfivari below Badrachellum; and the 
Singareny coal<field to the westward, in the Nizam’s dominions. In the first of these, 
though it was reported by Colonel Haig to Mr. W. T. Blanford that coal was said to have 
been found down thwe, no coal was to be found at the place; indeed, the borings afterwards 
put down would seem to show that cool could not occur at the surface. At any rate, the 
rooks were seen to be Dau^oAs ; and borings revealed seams of coat These are, however, 
not of Tn »v<T' extent on the Britiah aide of the river, though they are prohobty laige 
enough on the Nizam’s side, as I have since found that an outcrop of posslldy the same 
beds shows at some twenty-five miles to the south-west. 

A As regards the Singareny coal-field, I eiau compare it more dosely with that of Bed¬ 
dadanole, having Ukewise again visited it this seasom when itis now Iraing ihoroi^hly mi- 
by Mr. Heenon, the Superintendent in charge of the Nizam’s coal-fields- The only 
of outward ciroi^tances, as regards the present enqiniy, between Ibis and the 
Beddadanole field is, that coal did show at the surface in the former, though only in ihe 
most fortuitous way. Otherwise, the senes of rodis (JSSiwdIfiMw) in each field are identioal 

• Per tfao of KaturaUati si home, I ms| as add that ibe Narbadt doei not behmg to ths 

CbmeeUo haai|i. ; 
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in every i*»y, ia ttieir appeanmee, conetitatiofn, and mode of occurrence. There are ]denfy 
of outonpe of rook over this Singareny area where one might expedi that seuna of ooal, 
if th^ emated, might appear at the aorfi^; but audi ia not the oaae; there ia <mly the one 
large "pot-hole” hollowed out in the low ridge of aandstonea in the bed of the river with 
the oaeam of cod showing at the bottom. Nevertheleas, rince the borings have been put 
down by Mr. Heenan, not only has the first found seam been traced in other parts of the 
area, but three more have been struck, one above my seam and the others below. So that 
here we have a field with at least four seams of coal, the lowest found as yet being a very 
thick one, and having its strata so Idd down that all these seams ought to crop out at the 
aur&ce, whereas only one ia just exposed. Outcrops of all the seams do probably exist; but, 
as would be likely, owing to the cod being cut into and washed out at these places by the 
weather and the streams, they are either now covered up by sand and ddbris gathered 
between the exposures of ihe harder beds, or are hidden by the settling down of superin¬ 
cumbent strata. 

6. This concedment, or washing out of coal outcrops, may eqndly exist in the Bedda- 
danole field, as, it ia hardly necessary to state, there are numerous spaces in the nullahs 
between the exposed rook nmeses which are filled in with mnd, though, as a generd rule, the 
aandstones are very well and frequently exposed. Agdn, the lie or dip of the strata is very 
lowr on the average about 6° to the westward, and they undulate to some extent; while the 
generd surface of the area occupied by the Sardkars is flat; and thus the sandstones 
have not been deeply cat into by the streams, so as to show enough of the strata. 

6. There is, besides, a physicd feature of this area which seems to hold out some hope 
that there may be hidden coal. The field is traversed by a river of from 60 to 60 feet 
in width, which flows in the direction of, or with the strike of the strata, or along the 
outcrop, that is, nearly north and south, a course which, viewed with the rest of its route 
over the Kdmthi area, is somewhat exceptiond. This coarse of the river may be due in 
part to the existence of a band of softer strata occurring between the sandstones which 
show at rare intervals on either side of the river. Indeed, 1 think there can be no doubt 
that there is a band or seam of softer or more easily .^wom strata covered up by the sandy 
bed of the river; or we should have had rock crowing up at places in the channel. But 
boring done will teU whether cod seams occur in this soft and denuded bed. 


7. The exposed area of Sard&av* is, unfortunately, not extensive, beii^ only about 6| 
square miles. It is covered up unmediotely on the western side of the field by the great 
series (KdmtJUt, of Blanford) of red and brown sandstones, in which there is no coal, con¬ 
stituting the upland country of Ashacai^liettah (Nizam’s dominions) and Jeelagoomilly, &c., 
(British territo^) to the westward. There mast, however, be a good spread, equd in area at 
l^t to that exposed, of the SardtUrt h^ng down underneath the jS^dmthit, I am led ' 
to expect that this i^fra Kimthi extensum is larger than I oiig^dly thought, on account 
of the westerly dip and the great thickness (about 300 feet at least) immediately under the 
covering edge of the £dmtAit. Also, as we may jndge to some extent by the lie of these 
last towards JTeelagoomffly, there is a roll ^ again of the beds towards lhat village, thus 
a syncBnal or depressed oarvti Of stmta, indicative of an ancient valley, over 
jwrt of which the Bed^adahole Bard^kart wwb; deposited. This same valley bmieath the 
awears to have opened^eot sonih-eastwnrcU, leading to the inference that if the 
^distant nndSfnesth, they would lie this valley, rather than 
‘ 8*^1 in territory., 

, W the .posrib^ ” large extenrion of the BardJeats tmden)eB& the 
tniles tci iBOrth-west; for, as alriiiac^ stated, I have lately 
’ to be Mdrdktyif caropping ot^ cm the western edge nf the great 
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£l]or»4o-BadraolieIlum spread of Kimtkis at a point some ttrenty*rtve miles soatli>west of 
the coal»fieId below Badraohellain, ami which may be an extension of that field. 

9. To summarise, I think it may be concluded— 

—That there is a likelihood of coal from the fact that the sandstones of Beddadanole 
are of the Bardkav group. 

2nd. —That there is some slight reason for suspecting that the Beddadanole river bed 
conceals coal outcrops. 

• 3rrf.~There is every expectation of the area, exposed and hidden, of the Bardkan 
being at least ten square miles in extent, if not a great deal more, and that it lies in the 
British territory. 

So that, should it be decided to try the field by boring, and I would most earnestly 
recommend this proceeding on account of the above three conclusions, though they be laden 
with conjectuTe, the crucial bore holes ought to be put down near the right or western bank 
of the stream, whore they will run to a depth of over 200 feet before the coabbearing 
strata are pierced. One bore-hole at about half-way down the course of the river within 
the field would be almost sure to strike coal if there be any in the field; though, even if 
this failed, another might be struck down about three-quarters of a mile further west, as 
the first bore-hole would only have pierced about half the thickness of the exposed field. 

Details as.to the character of the rocks, their lie, and the size and position of the field 
have been already given in the Becords of the Geological Survey of India, Vol. V, 
part 4, 1872. 

Camp, GoDXvAEf Distbiot,') WILLIAM KING. 

AprU im, 1873. 


Notes fbom a Pboobbss Bbpobt on thb Gboloot of pabts of the ITppbb Ponj'ab, by 
A. B. Wtnnb, f. a. s., Geological Survey of India. 

The first two seasons during which the operations of the Geological Survey were extend¬ 
ed to the Punjab having been devoted to the examination of the Salt-Range, the following 
<me was, by order, chiefly spent in rapidly reoonnoitering the country surrounding the upper 
plains of the Punjab, both on this inde-and,.a8 far as posrible, trans-Indus, in order to obtain 
a preliminary general knowledge of the complex geological features presented- 

At its dose lines of observation wete carried throud^ the Hazara district, and a closer 
examination was made of the Sir Ban mountain region, mose to Ahbottab&d, which was found 
to afibrd an epitome of much of the geol(^ of the Upper Punjab (see Memoirs Geological 
Survey, Vol. IX, Art. 3.) 

At the commencement of the succeeding season, that of 1872-73, the detailed working 
of the one-inoh maps of the&wnl Hifdi district was taken up and carried on with one 
interruption, during which the Salt-Bange was s^u visited, in order to obtain a special cob 
lection of its mineral produote for the Vienoa SUlhibition of 1873. 

With the valuable asristanoe of Dr. Warth, Deputy Collector at the' Mayo Mines near 
Pind Dadun Khan, a Bmries of specimens of several maunds in wright was formed and des- 
patdied to Calcutta. This included a block of rock-salt <mt pan^osely from the mine, kbout 
two>tims in weighty and amongst the others, a complete series of large specimens illustrating 
the,geol^d^ structure of the part of the range overlohldtig Find Dadun Khan,, besidea' 
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BBveval »peeaia 0 i!is (^‘ newly found mmerale from tho Mayo Mines, such wT SJbsubnite stfid 
Eiesetitoj varieties ^nre potash salts, and others in oootbination with salphates. • 

Spedmens ol the oahioal salt of Kalsbagh, the tdiun shale, gypsont containing quartz* 
oiystuls, and gold sand from this latter locality, were also added to the oollectum with the 
help of Mr. 'Wright, Colleotor of the Salt Bevenue, and Dr. Worth. 

At the same time efforts were made to obtain a blook of trans-Indus salt from the mines 
of Bahadur Shel, which resulted in the addition of a 27*mannd blook of this sdt to the 
oelleotion forwarded by Captain Flowden, Assistant Commissioner at Kohat. 

These two large specimens show the marked difference of colour between the clear white 
or reddish salt of the Salt-Range and the gray or dark-coloured trans-Indus salt. 

It was during the progress of the 'Vienna collection at the Mayo Mines that the disco* 
very of the potash salts was made, attention being called to their situation in the mines by 
the hardness of part of a band of ‘KuUur’ or impure salt through which a drift was being 
exoavated. On examination of this, the band of potash salts was found to be 6 feet thick, 
partly pure and partly mixed (sulphates, &o.) ; but its further extension could not be at the 
time ascertamed owing to its situation, while there was little or nothing in the general 
appearancA of &e potash nuneral to distinguish it from the ordinary salt. Specimens were 
inunediately sulgeoted to a preliminary an^ysis by Dr. Warth, but the orystallograpby of 
the new found salts was a sulgeot unapproaohable for want of proper instruments for mea¬ 
surement. It is hoped that some of the perishable oiystals put up in glass bottles may have 
reached Vien^ in a state fit for examination. 

The deposit will probably proye interesting, as the only one known within British posses¬ 
sions, and may become very valuable should the importation of these high priced salts into 
Bngland from the Continent be interrupted. Dr. Warth suggests that it may evmitnally be 
found advantageous to work this deposit for the alum factories at Kalabagh. For shipment 
from India, the transport of the salts would present no great difficulty by the wire-tramway 
from the mines to the banks of the Jhelam, and thence by water to £otlee on the lower 
Indus or to Kurrachee. 


In carrying out the detailed examination of the Rawul*Pindi ffistrict eastward of that 
station, the hiHs were found to exhibit the' relations of the ** saddstone and day" portion of 
the great outer tertiary belt, well known as the southern border formation of the geological 
syst^ of the Himalayas. Here the lower^ red, or Mutxee (or Sabatha),beds pass upwards by 
alternations of red clays or sbales and gray sandstones locally distinguished by the Putgab 
survey-party as the ** red mid gray" seiia}) into softer gray eandstones with dsys of a nuno 
orange colour, the highest beds bduga thick group of incoherent conglomerate rooks, iire- 
vioudy known to exist on the Indus md at both ends of the Salt-Range proper, as weU as in 
some othm plaosa. lathe generality of eases tins oonglomsrate group was found to present 
a gentle tramation from, the lower beds upwards; the pebUes, chiefly of orjstalHne rooks, after 
thdr first appearance iacrearing in, number and dze till the whole rock becomes a nmss of 
sh^ boulders dr large pebbles sUghtly hdd together ]jy an inco||piderable ealcareous matrix. 
Thd zbih is seMom found hard enough td eh*^w its own outon^ and presents the gvmiteBt 
In discovering clear sections, thon'i^ htllit formed of it possess in their undnlatittg 
qurfooM a charaoteristie ^ whieh the conglomerate cm be recognised from long 

eongbrnentte gtdttp, and indeed thmnghoat - the . whole of - the 
puitiou of: the tertiary rocks of this conntiy, are- varions beds, 
ne, oonglmne^^ sundetoiie, or a peculiar fin^y ooncretipoaxy caloa- 
rock ofa gravelly |is^O;Oongldd*eratio appearance, wn tai owff 
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mow m less namenomly ficagmente of boneo. In th« nppm iSd more congloimratic poiv 
tions o£ the series, these bones are frequently mexomalisn; wlule below, even to the base, 
and there aesooiated with' Nummalitw^ or Soialina-beanng, layers, the bones, rarely in a 
good state of preservatiou,. are beliered to be more commonly reptilian, as appears from Major 
Yioary's writings to be tdie case in tire corresponding beds at SnbMthu.* 

From Mnrree'f sonthwards tire general stratigraphioal stroctnre of the hill country is 
a succession of great waves commencing with an anticlinal cnrvatnre close to that station, 
the synclinals of the carves embracing some of the higher strata, form grand vertical clifEs, 
when largely composed of maaaive sandstones bedded neariy horizontally, as aronnd the eleva* 
tions of Karor and Nurr'h, very similar to the olifb on tire Indus at Dangote above Eaiabagh. 

Towards Jhelam the curves appear to become softer and more open, and some of the 
highest beds, the conglomerates previonsly mentioned, come in. 

In the vicinify of Morree, and along deeply excavated valleys lying in a general direction 
north of east and south of west, overlooked by the northern slopes of the Murree ridge, the 
lower red tertiary rooks terminate; one side of these valleys bring chiefly formed of the red 
rocks, and the other of contorted limestones and shales, towards which the Murree beds are 
frequently inclined. These are the main or striking oiroumstanoes of the positions of the 
rocks, which, however, when examined in more detail; are not found to be strictly limited to 
opporite sides of the valleys, small portions of the red beds being found in the limestone 
hill slopes, and a pretty constant rib of nummulitio limestone stretching from the Kooldunna 
hole (lying northwards from Murree) along the foot of the Murree ridge westwards by south. 

The rocks on both sides of the janction<-valley present the strongest evidence of disr 
iurhanoe i and faults, or lines of displacement, are numerous. Starting ^m Murree, red and 
grayish sandstones, with imperfect plantoimpressions alternating with deep red clays, form 
all the slopes in a descending northerly direction, till the rib of limestone is reached. On 
both sides of this, oalooreous nnmmalitio layers ritemate with the red beds. And gypsbm 
occurs more or less on the Morree ride of the rib and close to it. Beyond the rib of strong 
dark limestone, red and gray sandstone and day beds (forming the major portion of Kool- 
dnnna hill) predominate; and on the ascent of the opporite slopes of the Moohpoora chain, 
gray nummulitio limestone, sometimea crowded with small Sotalince^ alternate with dark 
shales. But even here detached longitudinal masses of the red Murree beds lying parallel 
with the principal features appear to be faulted deeply into the limestone group. Further 
up on the Moohpoora ridge and beyond it, northwards, jurassio and triasrio rocks appear, in 
the manner shown in Dr. Waagen's paper on tiie neighbonihood of EhairaguUy and 
Chumba Peak (the rrault of a joint examination of the locality with the writer, see Beoorda 
Qeologioal Survey, Vol. Y, page 16). 

In studying the junction of the more meohani^y' fbrmed tertisiy beds '•rith those 
eonristing largely of nnmmolitie limestone along the Murree valleys but littie value ^ 
be attached to the distorted dips of the beds; some traces of a former r^fular succession 
from the Ihnestones of the Moohpoora ridge upwards inta the Murree beds being perhaps 
slightly indicated; and tl^ present positions of the rooks may be, for all that is seen to the 
eontraty, freely and fairly attributed to the .united reatdto of folding and fruiting; 
fraoee of the latter being too prevalent for faulted displacement to be axcluded from, consider* 
ation in the eSbrt to account for the existing state of things. 

Beyond the Murree r^on westward, the junction of the Murree rocks with the li^* 
atones to the ncuth presoits very much the came general eharicter,’ the gypsous zone bei^ 

* qaar. J'our. QeoL Soe;, London. Vot. lX,p,ln, 1863. 

t Mari (L Marl mountrin) to the name of t^ looality, the e-haTtof tiw sound of 6} hence the edoptkio 

heis tX the wanmoa iihoii^ and mote popuiar apcSinff, 
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traoeable at iot^irals io till poaition first described. , Tbe outer limestone rib expands and is 
flaiiked bj another similar band, the alternation of limestones and Murree bed bring apparently 
produced ^ &ult8; at least it has entirely tbis aspect in tbe neighbourhood of Shah Dnrah, 

Turther 'west a strongly mark^ line, aUo bearing the strongest resemblance to a fiault, 
di'vergM north of Bawnl Find! from the main line of jnnriion in the direction of the 
HaxguUa pass, on the Peahawnr road. Along it the Murree beds are bron|fbt against the 
hill limestones, here including both nummulitio and jurassio rocks (with perhaps an inter* 
-vening cretaceous band). The jurassio beds contain a Teiy marked layer made up of large 
Triyonite resembling Triyoma Ventrieoaa, Kraus, with some smaller forms; while beyond 
Margulla Ammonites and Belemnitss are also to be found. As usual along the contact of 
the limestones and finely detrital rocks, the red Murree beds are often either vertical or 
highly inclined towards the limestones. The actual junction surface, from being situated 
at the foot of tbe hills, is conoealed; and the branch line disappears beyond Margulla, the low 
ground in that direction being heavily covered with detrital deposits, and the small hills in 
which the spur from Mochpoora terminates being formed of the nummulitic and Jurassic 
limestones, shales, &o. 

The main line of boundary between the limestones and the Murree group continues from 
the place o£ divergence north of Bawnl Find! westwards, marked at first by low limestone 
hills at the foot of the Mochpoora ridge or spur, which gradually increase in height and 
width, till they form tbe chain of the Cbita Fahar mountaina, abutting on the Indus several 
miles southward of Attock, near Nilab Gdsh. Beyond this the same feature continues 
westward along the Afifieedi hills passing just north of Kohat; on this line also the gypseous 
sone seen at Murree and more largely developed at Tret, as well as lower down in the jdains, 
may be recognised at intervals. In connexion with this gypseous zone, and sometimes in the 
gypsum itself, ^re snlphnrons springs, which bring petroleum or mineral oil to the surface; 
this also frequently occurs slightly imprinting the a^acent limestones. 

Along the whole of this line of junction within British territory, from near the Jbelam* 
to the Indus and beyond it, the positions of the two sets of rocks furnish nothing decisive 
in the way of evidence to prove wluch is the older: and in many places tire inference from 
dips would be directly contrary to fact. The nummulitio limestones of the hills being, 
however, found in some spots close to the boundary passing downwards into jurassic rool» 
(with or without a thin intmvening band which may be, but is not here proved cretaceous), 
all doubt of the true position of the red rorics is removed i and their close association with 
certain layers containing nummulites on the south side of the junction fixCs their age with 
certainty. 


It win then appear that on one side of the general boundary thrae are red Murree beds 
containing layers of nummulitio, calcareous, or earthy rook, while on the other there is a 
mass of limestones and shales of nummulitic, jurassio, and perhaps some (A cretaceous age. 
The junction itself presents all 'the features of a &ult or band of several &u1ts, and the 



onlyr reason wby it should not be unreservedly accepted as such is tiiat, in the Simla Outer* 
Himalaya exanuned by Mr, Medlioott, tiie same tertiary sai^ones and days as occur 
iu this, ronntiy bave been dirided by tiuft gentlrinan. into groups, the boundaries of which, 
-same general resemblance to lines of &nlt. are in most oases believed and in 
piuked hj hiiu to be of unoonfitrmable contact foA. not a£ (halting (see 

' - . . — - - - 1 .. . . ■ . ^ -- 

ttts 'Uas In the Mthe AelSiu hM been reeentlx seen. It osiAm a ihup bend 
tfioChpooiw nod fionr fatUs os. tin right haoje ofl^ 
Heaf^ stwsui naet KosnChi^tbad'fit CMrtuoeie. Hare it heniltio soatbHwat, folknrlng tha 

«o«M^riiS.|i||^'sjiawm|^hth«nk,bt|iilhrnpenriwf^ Nagni^e toOaMe,«her»lten»aS8 

tha oom Itiih’ 'of the Pe« HnnlS). Chain. Sht^ netamorprio meAs, snd 
hrlth ih| iw»:'|iutiw> recks, the Has ariU resaaWag.oas irf tsOme, • ■ 
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There can he KtUe or no donht that ti»e red Mnrree recks are, or represent, the num- 
mnUtio'Suhathu beds of Mr. Medlioott, which, in the Simla districts, rest unconfoimably 
upon limestones and slates of unknown age; while in this part of the Punjab nummulitio 
r^ks occur on both sides of the junction. It would be manifestly improper to ignore 
thb line of junctiwi and carry the nummulitio boundaiy across it while it presents so 
marked a feato. Without some palpable locid evidence, it would be equally improper to 
indicate an iSmfonnable break in the nummulitio senes; but as this might posnbly 
exist together with the faulting and displacement which seems to have occurred, it is 
proposed to express the Une upon the map as one of fault, at least provUionaDy or until the 
whole country has been explored, with the hope that something further may be found to ex- 
plain the difference between the present aspect of the junctions here and in the Simla regions. 


With respect to the other junctions of Mr. Medlicott, showing repeated unconformity in 
the ascending series between his tertiary sub-groups, the difference in this district has to be 
noticed. The description of the rocks would point to their close identity; but m the Simla 
region the succession appears to have been interrupted; whUe here the most apparently 
regular sequence and conformity has only been observed southwaiti from toe limestone 
hms, crossing the country in an east and west direction north of Eawul Pindi; thy^ Murree 
rocks, either vertical or dipping at Wgh angles, reach down to the latitude of that pl^ 
interrupted only by a long ridge of nummulitio limestone of the hill type, which lying 
west by south from the station, appears to occupy a space between two converging lines of 
fault Southward of this toe Murree beds pass up (still retaining their high dip) into toe 
‘red’and gray' series in which the first bands of conglomerate appear. In these 
oonglmierates. notwithstan^g the pamllelism of the beds, are enclosed limMtone pebbles, 
moved bv toe small Nummulites which toey contain to have belonged to that formation; 
Lt where the break occurs during which the denudation of toe older rock took place it is 

at present impossible to say. 


Above toe ‘red and gray’ rooks come others with more of orange colour in too clays; 

u.. coi«ta^te group ^ 

fii. «ife. iu th. MighbourW of thew oornglomerahM hw W lamMod ^ ito ^ 
bones with toe Sivalik group by the late Dr. Falconer (paper by Mr. Theobald on the Salt- 
SoTi^og.. aS= Sodety.VoLrail, 1864, pog. W») Bo ft.! the 

Sin ».a Sivdik gn«p. of th. sunk region mnj b, cremdmrf ^nt, wh^y 
of toe intervening rooks would answer to toe description of the Nahun beds of 
Mr Medlicott. The peculiarity of the frequently interrupted succession in that region, 
nonirMted wito that olmost complete sequence here, would indicate considerable difference m 
toe^^^ cau^^ic^ affected toe deposition of toe tertiary recks in one region 

compared with toe other. 

It is difficult to estimate toe thioknesa of these sandy and earthy terti^ rocks in 
consequence of the numerous contortions, and the aU but positiye oe^nty that m many 
uW where toe beds are apparently steady at high angles or vertical, thei^besof numeroM 
folds Ire concealed. The fiujt of this contortion impressed Mr. liyman (Eeport on toe oil 
regions bf toe Punjab) wito toe idea that toe thickness iff the whole was much than 

iTLould appear. But while it is of course possible, it le at the same ^ 

imagine, aUtoese contortions lying exactiy so that toe plane 

snrfone of the country should intersedt them withor^ expowng -mther reco^wble 

L M«imuUtiou of a» WJfc ^ 

S . «..4ered reore prebpblo fiore » ob««K«. Wly ^ 
wlby,.4tiU.Q8*ine«torrH»ry, whno p»* «t «» re* gK“P. ipl™* "SBtatr ^ 
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an anglfi of 4C^. mui ettimflCfced to have a thickness, on the fisoks of the Sj 3 Na^ ranj^e, of 
abont one and a half miles. The dip in this case also was (obMqndy) towardb the adjacent 
older nMks. 

Be^des the tertiaiy conglomerates imvionsly described, fhere is another very extensiye 
If^onp of more recent age, the pebbles in which are largely composed of Umestone'; it is very 
well developed abont Bawol Findi, and spreads nnoonformaUy over grei# tracts of the 
oonntiy, alternating with drab or pale pink or red or purple brick'days, and firequeatly as- 
with caloareons tufa or calcareous conglomeratic solid massive beds called by the 
natives ' Koon^oor' The bsed part of this group in Immediate contact with the terriaiy 
Bmda f/inftB is often formed of strong beds of calcareous tofa or travertin. 

These conglomerate end clay rooks are at present considered lacustrine, or formed hy 
wandwing river action; and tiidr boundarimi, if shown upon the maps, will be extremely 
intricate, as they are often oat tiirongh by the nnllahs exporing the rocks beneath. 

The Buperfidsl covering of the country is largely derived from the clays of this 
group; and where days, diales, and sndi soft rooks ahonnd, there is no iadi of material to 
'form a frequently thick deposit, the result of atmospheric action. 

SsiMiTGOTB, . A. B, WYNNE. 

Cauhnure, Mag 2lith, 1873. j 
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Mims. * 

I trust it will not be uninteresting to the readers of the Becords of the Qcdogical 
Survey to have placed before them a few brief remarks which will tend to widen the scope 
of knowle^e with respect to onr Indian coal-fidds, and enable them, when the snbjeot 
of coal is discnssed, to uphold the claim which India enjoys to rank amongst the gmat coal- 
hearing areas of the world. It will doubtless surprise many to learn ^at both in the 
superfidd extent of its coal measures and associated rocks, and in the actual amount of its 
cod, In^a is surpassed by few countiies; and that with respect to the size of some of its 
seams it stands pm-eminent in the literature .of mining. 

Even that land of monstrosities sad natural wonders, the United States of America, can 
exhibit notlung to compare with the gigantic seams of the Hengir and Damddd cod-fields, 
some of which are one handred and eixty, one hundred and twenty, and a hundred feet thick. 
These figures of conrse do not imply that there is this amount of pnte cod; the term sram is 
need in its technied sense, as embracing the whole snm of cod and partings in a given bed. 

Until within the last few years the information regarding onr ood-fields was scanty 
and impeifoct; but of late, the action of ^^overnment and the labours of the Cfoologiad 
Survey have been more in accord with the Yeqiurements of the country; and the result is 
timt, although our data are stiU far iemn h^lhg complete, yet we can form an approximate 
eatin^te (wHch may he accepted as a npeleas for future compntations) of the area of our pro¬ 
bable eqd suppJie^ their podtion, and the quality fuel which they can yield. 

And fo the font place witl^ regard to oar pitfoable cod supplies, it hecomes more and 
ernty Isipwtai^ ta tiM^ fooe oTtibe steadBy increasing price of English ood, to enquire 
’h* '^de fo ftumiih the fod, so esaentid to ^ forther devdOp- 
whidi fin ennqdt* of English men have in some instanoee 
oewedai^ fo Otij^i^^iises fostued to a matarsir ^owth. In answer to this question, around 
^ wh^ cddsieilrdho interest in titis artid^ 1 think it will be sofBownt if tire re adi * 
gta^.id of aran fo Jndipriasfied m tiris pdni 



fATlT S.] 


Hvffha: Coal m India. 


6 & 

Tbe same method of oahmlataon has been acted opcm in regard to India, in the deter- 
ntuudaon* of the Bt^Mrfioial extent of its ooal'bearing areas as that applied to other 
countries, and the length and breadth of the fanets over which coal rocks may be preaumed 
to extend haTe bera mnltapUed to give the number of square mfles. 

Taking the ooal’flelds alzea^ partialljr and in whole examined, and allowing for the 
nnsunrejed poi^aons of Central India> Assam, Burmah, and the Tenasserim province, Ac., 
we may safiriy assume 85,000 square miles as being within the mark. 

In order to show how these figures are arrived at, I append the fi>Ilowing table. 
Berides, however, enumeratmg the different Indian ar^, I have added a list of such 
Connies the areas of which I have been able to compQe from various sources of reference; 
and I have also noted the countries in which coal is known to occur, but concerning which 
there is no knowledge of the extent of their coal measures. By thus enlaigeuing the table, 
I hope its uaefulnms for the purpose of comparison will be moreased 

of Areas. 



XiaslB sqnan 
mU«s over wbtab 
ooel-rocke ms; 
be preiumed 
to extend. 


United States 


Chinn 


Anstralin. 


BriUah AoMtlon 
* GrestBtltdiii 


Japan . 
Gennanr. 

Pntaae , 
Aaiitrla , 




Thi»miUeg» it made up a» faUomtv^ 


GodSvari area (inelnding its affluents) 
Son 

Sirgdjfflt and Gangpfir area ... 
Assam ... 

Narbadi area (including Its affluents) 
Damddd... 

B4inabdl ares 

Unsurveyed and uncomputed areas 



Square miles ... 88,000 


The productive area of coal is muoh less. Professor Hitohopok 
estimates the area of the tme carboniferous system at 
880,658 square miles. 

This estimate is not thoroughly reliable, but it is certain that 
there Is an enormous coal-bearing area in China, 

In New South Waiae, the ooal area is said to be 180,000 wmare 
mllei. In Queensland the same area ieenppoiea to exlet. 

ThU area is probably far below the real e^tnit of the Busslan 
eoal-fermwon. 


Mr. Hull gives 8,481 square mllec as being storsd iritii coal 
to a depth of AON fen. 

This eetimate is vagoeu Some anthoritiea give AOPO square 
milns, and otters A60O. 


Germany is manili eil the German-epeaUng provinoet, 
exeept Qiose nader Anstefaai rule. 


Boae tte Austriim immn'eoal 
•eetnsiattiokueee.,, 


Mams approach the Indian 


TrlnUaa 


i',, 
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Borneo ... 

Bn»fl* ... 

Cbpo (teloniei 
Deuuuk... 
VilUuid lelanda 
Qieece ... 
NewQnuiBda 
New Zealand 
Penria ... 
Portogal... 
Zambeal ... 
Zanailiar ... 


Tbe coal of Iiabnan la topofted to be of good qnallt?, ud eeiy fldt coal ooovni 
in tiie Kvawak terrltoir. * 

There are large eoal-fleldi In fhia eplendid ootmbr.. 

There 1* coal In thta aa in m many .other dependenoiea of the BnglUh orcwn. 

Only a amell qnantity of coal la imlaed in the ieland of Bornholm. 

Theee idande contain coal. 

Llgnltea lutre been worked at Konmi. 

The coal of this country la aaid to be cretaceous. 

The calculated amount of coal In New Zealand le four thousand millions of tons. 

a 

A large area of coal is etated to occur. 

A small cool'ileld oslsts near the mouth of the Donto, 

This coal was brought to light by Idvingstone. 

Borne coal, said to be Zandbar coal, was analysed by Ur. Tween, of the Oeologlcsl 
Survey, and gave— 


Carbon ... 

... m 

Volatile matter 

... 80‘4 <m<dstare 4 per cent.) 

Aah ... 

... 272 


loco 


The geographical positions of most of' oar fields haye been already indicated in the 
“ €k>al Resources of India” compiled hy Dr, Oldham and published in 1867. It was pointed 
out in that work that a chain of coal-fields extended across India firom near Calcatta to the 
Hsidrab&d Assigned Distriots (the Berars), lying within the 20° and 26° parallels of 
north latitude; that other fields oeourred in the yalley of the God&yari and its affluents, 
and that throughout Assam, Burmah, and tiie Tenasserim proyince there were deposits 
of coal. ^ 

Some Of these fields lie- in the route of direct railway commumcation between 
Bombay and Calcutta, and of course would prore useful sources whence to draw fuel. But 
the geographical positions of others again are such that they will probably not answer any 
useful purpose for many years to come. 


The Quality of Indian coal is. osually denoted by the a^jectivn had, but I believe this 
word has been too fireely used. Ihe ayerage of Indian coal is certainly inferior to 
that of English $ but there ore inany seams in the R&nigoig field, and more notably 
one or two in tiie Karharb&ri field, which yield yery good coal indeed. Much of the Assam 
coal is said to be excellent. And it is jus^fiable to entertain, the idea that if our fields had 
been more extensively opened out and worked to a greater depth, coals would have been met 
with of a quality sufficiently good to mtke u$ cautious in regard to the inffisoriminate use 
of the word bad. Several attempts have of late<been made on one of the short lines of the * 
north of England to bum inferior in the locomotive enginesand I have been informed 
by a gentleman personally mterested, in tho nmtter that the ei^eriment in which he was 
ooneemed proved very sucoessful. Tho prindpal modifications of existing arrangements are, 

1 heli^^ la bonneotion ipritii the gi^ and draught, bT“t there axe minor ones with whi<di 
I am nrt a^umted. Nearly the saiim,ainbani of wor^ it is stated, was done by the inferior 
^ best locomotive coal. How important these practical 

to India no one will deny, and 1 hope the day is not far distant 
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Oir THE SalT'SPBIHHS of PBOtr» hg Wt£Ui.U ThbobaZiD, Chological Survey of India. 

Prior to the oooupation oi Pegu hy the British, a considerable manufacture of salt was 
carried on inland, from the somewhat feeble brine springs, which are so plentifully cUstributed 
throughout a large portion of the Tall^ of the Irrawadi, more particularly along the eastern 
skirts of the Arakan range in the districts of Myanoung and H en^ad ah. Of late years, this 
manufacture has to a great extent ceased, and is now merely practised ob a very reduced 
scale at a few spots, to supply strictly local requirements. The decay of this industry arises 
from the abundant supply of the artble, now procurable, manufactured in the delta* from 
sea-water; and we may expect this sea-salt entirely to supplant that manufactured from the 
springs, as the system of traffic and barter, by means of itinerant traders, enlarges more and 
more, and the fficilities for obtaining the cheaper article become greater, and, therefore, more 
appreciated. Even now, many spots are pointed out, from which salt was formerly obtained, 
but at which the precise locality of the wells, long since fallen in, has been forgotten, and 
every year makes it more difficult to gather information on this point, as the action of the 
seasons and the growth of vegetation combine to efface aU traces of former workings. In 
' some places skirting the hills, the plough now'passes over ground whore salt-wells formerly 
existed; and hence it is mainly in the localities where massive timbering was employed to 
support the sides of the wells that we can brat judge of the number and importance of the 
old workings. 

The wells vary in shape, being either round or square, usually the latter, from the greater 
focility of timbering the sides; whilst some are little better than rude exoavarions or enlarge¬ 
ments of an original cavity, sufficient to permit the accumulation of the brine for conve¬ 
nient removal. Others again are sunk 10, 20, or 30 feet, and have their sides roughfy, 
though effectively, supported by stout planks. In some instances (e. y., Hlahndeng and 
Kadeng-mah-ngo), these planked wells are sunk to a small depth in the bed of a stream, and 
during t!^ monsoon become filled with sand, gravel, and fresh-water, but on the season for 
active operations commencing in the cold weather or towards its dose, it was oustomaty to 
clear them out, when the brine would be foi^d, occupying its own place, a short distance 
below the ordinary level of the bed of the stream. 

The strength of the brine is variable, being often only feebly saline. This probably 
depends on admixture with sur&ce water, as the strongest noted was yielded by the 
Sadwingyee spring, which was also most oopious, and consequently the least obnoxious to 
admixture with surfeoe water, which may be supposed often to affect the more feeble and 
sluggish springs. I may here remark that, though usually spoken of as brine springs, 
these sp riTig R are, in the great majority of instances, hardly entitled to the designation, 
having scarcely any flow. In the case of Sadwingyee, there is a copious spring. In the 

of Nnmmayahn and Sahngyee there is a perceptible flow, and no more, aooompanied by 
a somewhat copious evolution of marsh-gas, which keeps the pools turbid and in a state of 
constant ebullition. The more usual mode of oocurrenoe of the brine, is among crushed or 
disturbed strata, especially harsh dark shales, in which the brine occupies oraeks and pockets, 
and, on a well being sunk therein, trickles into it from the surrounding strata, but without 
causing an overflow. Mr. W. T. Blanford, in a memorandum on the salt-wells of the 
district of (May Ist, 1861), points out thirteen diffwent localities, the richest 

being that at Sadwingyee, which indeed may be regarded as fhe richest in the province, 
anfl of whidi I here quote his account. 

« The appended list spedfies thirteenf efiffermt localities iq the, district of Henza^ 
at which salt is known to have been worked. Of these, only three were at work at the time- 

• Imported EnsUeA salt Is nCw competing with tbe country-made article, 

t Hoa 03 toss, 7t 



m 


V.. 


Reeordt of tie Oeolofieai Surtiej^ of India. [tol. vi. 


of Tint, tile {windpal of which woe Sadwiogjee, the spring at which place siH piobab^ 
one Cf the most pvodnotiTa yet known in the region. The flow of water in the Well wee 
oatefiolly taeasnxed by my fellow assistant, Mr. Fedden, and found to be 57*16 gallons per 
hetor, <a about 1^70 in the 24 hoimi. By a tough experixnmt the wato* was found to oon< 
tain 4704 grains of salt to the gallon, so that the quantity of salt daily yitided by tins 
spring amounts to 820 lbs. avoirdupms^ or 8 cwts. 24 lbs. 

** Few springs probably yield so largely as Sadwingyee, but it was not found practicable 
to ascertain &e quantity procurable from any other. The water is so salt that it can be 
eraporated at once without previous partial evaporation by the aun. It is hdiled down in 
large iron pans, placed in twos or threes, over an earthen flre-plaoe, the method being some* 
wh^ similar to that employed in India for evaporating the juice of the sngatoane.’' 

The pans mentioned in the above paragraph are shallow, eztremdy thin caat>iron pans, of 
English manufooture, of about SO inches in diameter, and principally used in the preparation 
of the common 'jaggery' or unrefined eugsr ffom the juice of the *daj»,’ ‘fan,’ or other 
pahne. Earthen pots are also used for concentrating the brine, of an oval ahape, with sides 
nearly an inch in thickneee, and capable of holding between 3 and 4 gallons. In the delta,' 
where eal| ia habitually made from eeS'Watet, a eomewbat different arrangement is adopted. 
A dronlar oven of brick is constructed, something like a huge bee-hiv^ with boles at intervals 
to receive the oval earthen pots above described, to the number, perhaps, of ae many as sixty 
in one oven, the uUamate concentration being, I believe, in tiie ordinary shallow iron pans, 
though this is probably a recent innovation. 

The distribution of these springs is as follows:—Of 79 localities recorded in the accom* 
paoying table, 21 are situated within the stm occupied by the newer tertiary strata of the 
province, of miocaae age; 9 within the much narrower belt of country formed of unaltered, 
and comparatively slightly disturbed, nnmmulitio to(^b ; whilst most of the remuning 49 
localities flmn a oanspioaous baud along, the outer hills, on the eastern side of the Axakan 
range, among altered rooks, grouped oomprehensivriyimder the term Megrais be^ in part 
poaribly, niunmnlitio age likewise. 

Ko salt springs are known to me . on the western side of the Arakan range, or on the 
eastern side of the Pegu range. The whola are, aa far ae is at present known, confined 
to the Itiawadi-valley; though.future exploration may possibly show that this remark 
only holds good within the mres to which it more immediately relates. 


The most eseterty e^ngs are thhee of Sadeng*mah>ngo and Pyeng-mali-olloung, 
fifty milea to the south of tiie fcnmar, distsnt, respectively, rixty>8eveai and seventy miles 
from the Arakan range, and thirteen and olevan from the Pegn range, measured at r^ht 
angles to thrir general direction. Seven miles south of the Pyeng-mah*ohoung iqnuigB 
oocnurs the springof Toung-ngo^ rimcg on the seme north by west line of etriksk. and being 


noeompanied by a hopbua evolntimi of. inainh>gas. The Toang*ngo apringrims on a line of 
^■tiatbance, as ahown by the crurired (md-iprinrated character of the sandstones inits vichiity, 
and the leBser.frnquaaqy of apriiqm i^this most earing line of thrir ocourrence may he 
pa^ atixibqtod to the greater thickn^ the newer strata, whirii they irooM here require 

^* *^“&M{,|i^ pear%,to preaenoe not having so aed- 


lag thagi^ tJI^ fiah from whirii the national gniir*;^ or 

BLlahtt4eng.;ig»ring|ff^^ btipf> ^ the .Bama.ayatan, though 
&reptIhm<m the ctl^ , » 
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the Aralnn and Pegn Taoigea. The OB*ttay<da^yee spring near the {^ntier lies almost 
exactly’on this line,'witioht if ocaudlered as one lin^ meaaoring from On<nay*da-gyBe to 
Waddaa«tha> is eiziy<thzee miles in kuigtli, with a generid ooincidenoe of diraoiion with 
the hill ratafee honndiBg the valley. 

On this line likewise is situated the spot known as Naht*ini or ” the sinrits fire,” thirty 
miles north by west from Nummayahn, and whioh is merely a spot in the jungle from whioh 
marsh^gas issues through orarics in the soil, and becomes, from time to time, ritbmr intentionally 
ignited or accidentally during the prevalenoe of jungle fires. AhoreNummayahn, in the 
river bed, there is oonsidmable disturbanee, as evinced by vertical strata,, and it seems probid>le 
that all the springs of this fpnup rise along one and tiie same line of fracture, probably 
a highly contorted anticlinal, though this may not be indicated by the appearance of the 
rooks at the surface, at the actual point of issue of the springs, which may mainly depend 
on local conditions, surface arrangement, denudation, and the like. 

A little west of this lice occur other springs (Nos. 8 , 21, 9), which may or may not 
issue primarily along the same subteneauean line of disturbance or fracture; but this is neither 
material nor possible to say. 

Associated with this system of springs uaay be riassed the Boolay, Laymj^ung, and 
Tayzahn springs. The Boolay springs were simple wells sank in sandstone at the month 
of the Boolay stream, but wMidi have been long disused. The Laymyoung spring rises 
on the top of a low ric^ forming mud pools from wbich'a little inarsb«gas escapes, much 
after the fashion of the Numm ayahn springs, only mncb more feebly. Near the mouth 
of the Boolay stream, above where the ro^ crosses, and close to tiie village of Kwonboolay, 
^ oecnrs the only hot epring known to me in Pegu, hnt it rises in the bed of the river, so 
that its temperature cannot be well ascertained, and sometipieB it is entirely concealed 
beneath the sand. 

The third line of springs is by frr the most important^ embracing probably several 
closely arranged paralld. lines; and if we assume theSahngi spring on the frontier to 
belong to this group, this line would seem‘-to Mow a curve, generally corresponding with 
that followed by the Arakan range. TheSahngi and Day-beng springs axe situated in a 
line tbirty'four miles long, with a general bearing north-west by north, with the Letigbhan 

Shuagyeing springs a little on rither side of it, and distant seventeen miles from the 
Arakan range. Prom Day-beng to Shah-si-bo the line is- forty-two imles, with a bearing 
north by west, ^tant fourteen miles from the Arakan range, and marked by a perfect 
belt of salt springs. Prom Shah-si-bo southwards, the springs axe rather more scattered, 
and run in a direction ahnost due soq|h, the most southerly one recorded, No. 79, being 
one hundred and twenty-four miles in a straij^t line from the frontier spring of Sahngi. 

This rich belt of springs b ritnated among a group, of harsh dark indurated shales 
and sandstones; the induration being variabb in amount, and never approaching metamor- 
phbm, properly so called, within the area immediately adjacent to the salt springs in 
question. Pew or no fossib have been found in these rooks, certsinfy not within the above 
ana, but them rebtion to t^e unaltend rocks of the dbtriri; lends suppiot to the vbw of ^eir 
being pqsribly of nummuUtic age. 

In view, then, of tiie ocoutrenoe of these springs most numeMPsly along lines oorres- 
poUding t6 the general strike Of the beds of the ^fistne^ arid of the direction', moreover, 
rfthe twin ranges >hbh botmd the Imwadi vril^i and'haring ngard to the indba* 
tions of compression and ridont dlstorbahce which the in them rioinily often 

display; in riew, too, of the assoebtion with them, ao. thfr'same lines of sfrike, of the 
only hot sprii« in the province^ and of spots whence bSQ« both petaobam andmanh-^, 

. wn may fiiriy aeaiaite that they rbe .along widely eatendO^ Iteea of disturbance, (anticUnal 
fissures most probably,) from the bwer b^a of the numnmlitb or some still older group. • 
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jK nnj lbiei^ be remarked that it^ereas the only knorra petroleum loealities lie within 
the aroKV unaltered nummalitic strata, or oC the newer Tertiaries, yet the greater'number 
of salt Springs lie bdow this horizon among Idie altered and presumedly lower members of 
tile sune. gronp; a point whmh, if definitely established, as it seems to be, as far as regards 
the area hitherto subjected to examination, will not be without an important praotioal 
bearing in searching for petroleum, ina^nch as there is an idea prevalent that the presence 
of bwwe springs in this region is per te indicative of the existence below of the more 
valuable miner^ Having lagard to the drounistanoes under which the mineral oils occur 
in America, there is nothing unreasonable in the supposition of a similar connexion existing 
^between the brine springs and ml in Pegn, aa is found in the new worid-^an idea strengthened, 
moreover, by the existence in the same districts of both oil and brine; but, as I have already 
pointed out, there seems no good reason for believing that, in Pegu, the same connexion be> 
tween brine springs and oil exists as in th6 American oilfields. On the contrary, it would 
seem that the reverse of what occurs in America is to he anticipated here. In America 
the connexion between the oil and brine is an established fact; the first petroleum obtmned 
by boring having been accidentally obtained in 1819 “in sinking wells for salt in the little 
Maskingum river in Ohio,” (Emi, " Coal-oil and Petroleum.”) In Pegu, it would seem as 
though, ifdn einking a bore, a copious brine spring were etmok, this would probably indicate 
that the boring had penetrated to a horizon below 'that wherein the mineral oil was pro¬ 
duced. In Pegu, as in America, the oil may rise to the surfiuse with the brine, as the 
horizon of the napthogenio beds is higher than the sources of tiie .brine, which is not the 
ease in the American oil-field. But the non-association of the two in Pegn may, I think, 
be Intimately inferred from the fact of no indications of petroleum being known within 
the belt of rocks wherein the moet numerous brine springs rise, aa would hardly fail to be the^ 
case were the origin of the brine and petroleum in one and the same group of beds. That the 
oo-existence, too, of brine springs and petroleum in Pegu is rather a fortuitous than a connected 
phenomenon (as it would seem to be in America,) is to some extent borne out by the &ct 
of petroleum occurring in the Puiyab in connexion with nx^s of the same geological age 
as in Pegu, bat without the accompaniment of brine springs, as in tbat province; so that 
our present experience may be summed up witii the assertion, that whilst a copious dischafgo 
of brine and marsh-gas may not be without valne in determining a site for sinking for 
petroleum, in ground occupied by rooks of the upper portion of the nnmmulitio group or any 
rooks above that horizon, yet the same in^ations are not to be rriied on as of eqo^ 
promise, within the area occupied by rocks lower in the series, or of greater geological age. 

It only remains to add a few words explanatory of my dasring these altered or hill 
rooks as * Negprais beds,* or posnbly nnmmulitio in after having, in my recent paper on 
the * Axials in Western Prome,* indaded them in that group. When writing that paper, 
the age of these hill-rodke was quite problematical, and beyond the general absence of 
foesila in the Hmeafamea and the mineral charaetelr of the beds, so dilEerent from tilmt of the 
rsoognised Nmnmulitiea, there was Uttie Or no eridenoe to which group they should be 
SSsigaed; and the balance seemed to tend towards their nnion with the older or axial gronp. 
Busing the following eeaaon, however, 0L870-71), I aocninnlatsd evidence, of on opposite 
tettdmicy, not only by a more extended onftmination of the ground occupied by them, but I 
. had the: good fortune likewise to detect Nnmmulites in one of the outcrops of limestone, allnded 
to hi n^te at page 88 ( Iwf dt.)i wbidi I had not previonaly had the Opportunity of 

j^Bmonrixating the rdstion oi a portion at least of these hill rooks, of 
fei. with the newer mimmalitio grohp, in spite of that often excessively 
. with the older Axials, with, whuh th^ had been previously in* 
wrm, a dJsonsi^qa pf this questloa for another occasion. 

■ . v' W. THEOBALD. 
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I append a list of springs, a great nnmber of arUch ura not included in tbe publisbed 
map of the province. 1 Imto therefore spelt the whole on a uniform system as ^ven below, 
adding the mode used in the published map, wh^ it from my own. 1 Wve endea. 

Toured to convey the sound, so that the word cannot be mis’pronouuced through ignorance 
or ambiguity. The system is that already adopted in the naming of a very extendvo collec¬ 
tion of Pegu woods presented to the ‘ ^ayte Museum*, Bangoon. 

Burmese names i^lt on the fbllovriing system:— 


a 

EB 

a 

in 

mot 

cat 

alt 

99 

a 

99 

father 

ah 

y 

99 

• 

1 

99 

Btn 

syncopy 

ei 

99 

i 

99 

ntle 

neither 

0 

99 

0 

99 

pot 

lot 

oa 

99 

0 

99 

pope 

soap 

u 

99 

u 

99 

tab 

mted 

00 

99 

u 

99 

Iwnar 

stoop 


99 

a 

99 

patient 

stay 

e 

99 

e 

99 

set 

met 

i 

99 

e 

. 19 

impede 

concertina 

ew 

99 

e 

99 

few 

neto 


There is no / m Burmese, hp is its nearest representative; g is always hard. 
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Mew. 

on Bmuira. 

Hav Snuraa. 

Bnuaxa. * 

1 

SQalui'dciis 

Hlandeng 

1 

One and half mile went of the village. Several wella In the 
robbed aatream,aada fewmoreaUtOetotheeaftward. 

1 

Kodeng-moh-nao 

•aa vaa 

Several wella In a email abream nuining Into the Kbyoong* 
khoong. 

8 

I^eomalMihoiing 

ByeDgmakhoiing „. 

Two apringa or pnddlea a little wiqr apart. 

4 

ToDUg-DgO 

... 

A, atrong spring with mnoh niarah>gas escaping. Water very 
nanaeona. 

B 

Sohii'ftl 

Sangjree 

Several apringa with a coplona evolution of marah^gu, bat 
a feeble diaobarge of brine. 

6 

If 

Hpoongl ... 

Fwongyee. 


8 

(Hm*n>7 dah*gt ... 

On na; dagje& 

- 

9 

Ei>deing. 


i 

10 

Boota; 

BhweUla^ ... 

Several wella sank In sandstone on the north bank near the 
mouth eS the Boolay-ohoong. 

11 

La7<mj0Qng 

Let myoong ... 

Springe iaaae feebly on the top of a small bin, with a little 
marah-gaa. 

U 

ToTsabs ... 

Taaao. 


18 

Lengbiihii 

Long bhaa. 


14 

8huay>gy«ng. 



U 

Dig'beng. 



16 

I 

1 



17 

TaUu^a ... 

aaa aa* 

Several wells about one mile south by west from the village. 

18 

Haengabn. 



18 



f 

80 

Oat pho ... 

Ot pho. ^ 


» 

as 

NBm*ma74dm 

Fyonk'balabt. 

Nft OUI788 

1 

Several springs, rather feeble, bnt with a considerable evo¬ 
lution or marsh^as about hidf a mile south-east of town 
on rising gronnC 

as 

84 

FiV>goaii. 

Tiiab-tbjt>koaii. 

1 

Kos. 81 to 86 sU rise aloim the west side of the range of 
hilla running down behind Frome in a south-easterly 
diraoUon. 

35 

^Tbaan-naboang. 

i 

# 

88 

Wnddao^ab. 

i 


87 

Bboojo. 

Host wa^... 

1 . 


88 

•Of aaa 

Several wells. 

88 

Kabngadboug 

a*4 oae 

a 

The bihie hoM rises in a sort of pocket formed by a omahed 
antioUaa], and we have here ywobably eiemipUfled the 
manner in whfeh moat of the i^ringa reocli the antfeM. 
along lines rendered pervious by esusme fbldlng, and the 
duration of the lower beds. 

88HB8 

(satm. 



m 

IbMMlMUlg. 




u 



m 




as 

, . 
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Jd- 

Nos, 

, BiAn Snum. 

Han Snunra. 

dO-HM 

Hiaywn 

t* s«» 

47 

Kamyeng<houng. 


48 



4e 

Shuaybandan. 

1 

SO 



6i-sa 

EwsngdiUb. 


64&66 

Oashyt^Kweng. 


66 

Thayetsahn. 


67 

Paybeng-goan. 


68 

Chln'Oah'gi. 


68 



60 

Bayay>kweng. 


61 

ShabHri-bo. 


62 

Kway-mah... 

•t •* 

68 

Ehyon khya 


64 

Hal-soan. 


66 

Tsahnda-oboung, N. 


66 

Ditto, S. 


67 



68 

Plah'houi. 


68 

Boodaiet. 


70 

Mlonng. 


71 

Sahdwyngi 

•• 

72 

Adwynsyn. 


73 

Kayahndwyu. 


74 

Wnahgwyn 


76 

^wayohonngkwang. 


76 

Thsyet-goan. 

» 

77 

1 

1 


78 



78 

Hlaygoan. 



Bnuua. 


Tbwe seres loosUtiM embnoe sumy wells naged in a line 
one and haU miles long. The; are now mostiy abindoned 


There are some six wells here. 

The brme of Nos. 63, as, and 65 sud to be verj salt. 


This IS the most oopious and Important spnng m Pegs. 


There is a oloster of some thirty wells here within a mile of 
this. 


Nos. 68,64,65, 66, 67, 70,71,72, 78, 74, and 7» had been already examined and fixed by 
Mr. W. Blanford. The great majority of the.remmder hare been iriaited by myself, whilst 
many of them have been independently examined by Mr. Fedden likewise. It must not, 
however, be supposed tha t the above list exhensts all the looahtiee where brine may possibly 
occur, but only attempts to pve as complete an enumeratioa as possible of the sites where 
salt has been formerly extracted. 
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DONATIONS TO MUSEUM. 

Ebok 1st Atbix. to 30th Jitkb 1873. 

Abbii 26th.—Db. Hbkobbsoit —Two specimens of Limestone and Sandstone from the 

north slope of the Korakoram Range. 

Jtjxb 10th.—O oremment of India through A. W. Sahbbox, Esq., Under Secretary. 

‘ Specimens of Earth*Oil collected by B. L. Shitb, Esq., from the 
Punjab. 

ACCESSIONS TO LIBRARY. 

Pboh Isi Apbil to 30th Jhhb 1873. 

litJei of Books Donors. 

Attssbt, DoiiPtrs.—Matdriaux pour I’Etude des Glaciers, Vol I, Part IV, (1870), 8ro, 

Paris. 

Airsnx, Jambs G."—A practical trearise on the preparation, combination, and application of 

Calcareous and Hydraulic Limes and Cements, (1862), 8vo, 
* London. 

Blakb, Wm. P.—Notices of Mining Machinery, (1871), ®tro.. New Haven, 

Desob, E., bt Lobiol, P. pb. —6chinologie Heivdtique. Description des Oursins Fossiles de 

la Suisse, with Atlas, (1868-72), 4to., Paris. 

Dupoxt, E.— L’Homme pendant les Ages de la Pierre dans let, environs de Dinant-sui- 

Meuse, 2nd Edition, (1872), 8vo., Bruxelles. 

Febottbsox, Jambs. —Rude Stone Monuments in all Countries; their age and uses, (1872), 

8vo., London. 

Fbitsoh, Db. Axtox. —Cephalopoden der Bohmischen Kreideformation, (1872), 4to., Frag 
Fbombntbl, E. db. —Introduction a I’^tude des Polypiers Fossiles, (1868-61), 8vo., Paris 
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VooT., Cabii —Lehrbuch des Geologie nnd Petrefactenkunde, Band II, Tdef. 1—3, (1871-72), 

8vo., Braunschweig. 

VoBB, G. L.—Orographic Geology, (1866), 8vo., Boston. 

PERIODICALS. 

An^erioKB Jonmal of Sdenoe and Arts, 3rd Series, Vo!. V, Nos. 26 to 28, (1873), Svo., 

New Haven. 

Annafaa des MiaOA 7th Series, Vol. II, 14v. 6, (1872), 8vo, Paris. * L’Admxxb. dbs Mixes. 



PAET S.] 


Aoe«»iion>s to Library. 


75 


s 

'^Ut of Books. \ Donors. 


Annab andT^Iagaziae of Nataral History, 4th Seriss, Vol. XI, Nos. 63 to 65, (1873), 8vo., 
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Th* mA ttdSlUM «l the death of r>r. Stolioska wUl have epiead to many end dialant 
Unde brfoM tilw record ean be publiehed. Amonft^atnraliets erwyWheie it trill be 
|glt that » of dtiiJngniahed merit and of vay high |iromiee has been prematarely bst 
to Mhmee« w ‘the Geological Snrrey of India that 1^ is in a manner irreparable. )tn 
the ls|if» Wi increasing world of natoralute the disai^waranoe of even a foremost 
mail is mnly felt throngh reflection t it is among Ids imme^ate oolleagnes and in tbe^Seene 
of Ms thrt the loss of snob an one falls as a very present oalamiiy. 1?o those who 
have Icnown and worked witii Dr. Stolleska bis ^y death t^I be a life<long regret. 

' Dr. tKolieaha'a career commenced on the staff of the Geoh^ical Snrrey of Austria. 
jUnoe 1862 he bai been paheontologist to the Geological Snrrey of India, in which oaparity 
ha tree chiefly engaged upon the Dalmontologia Indiea. By singular good fortune his 
Mock In that pnbliealioti has been left in a very finished state. Only just before starting 
srith the mission to Kashgar he had issned the last number of the series descriptire of the 
. Crstaoeons fauna of Southern India, completing four large 4to. volumes. This work will 
form a lariiDg rntmtunent of Dr. Stoliczka's power a^ a nataralist. 

4 

' His nametona contributions to aoversl branches of Zoology do not call for mention 
hSiS} bat Bpedlal nptaoe most be taken of his work as a Geologist in the field, and which, 
as nnfinUhed, might escape the attention it deserves. That the summits and plateaus of 
the Cbetan region are formed of stratified rocks representing palmoaoic, secondary and 
ternary foringtions, had long since been determined by seveml explorers. Stoliezka was the 
fint to give an adeqnate i^otch of the sequence and range of those deposits. His descrip¬ 
tion of them, in the fifth volome of the SCemoirs of the Geological Snrvey, the result of 
two trips made in the snmmers of 1864 and 1865, will form the safe basis of all future 
I work in those regions. No one but an accomplished paUeontologist oonld have achieved 
Bttrii resnlts in so short a time. Thia work was an esaelmal preliminary to t^e fall geological 
atndy of that diffleutt gtonnd. 

The completion of his Himalayan work was what StoUezka had most at heart. Hts 
authnaiaim for it has oost him his life. In the spring of last year he had made arrangements 
for a visit to Bnrope, where no donbt a worthy reception awaited him; hnt when he heard 
of the pregeoted mission to Kashgar, he eagerly offered himself as naturalist to the 
expedirioh. Thofo who knew how be bad foli the rigonts of the mountain climate on the 
occarion vf his last visit, and who appreciated the value of his life, tried to dissnade him 
ftpm gotag, hot frith no alMi. In crossing the passes in October be had an aonte attack 
B|naal meidagitiai hnt be rallied, and was aUe for active work for the rest of the 
ionroajr, «v^ for the trying detour over the Pamir in i^ril. It was in croeaing the 
lEorakoiam on the 16th of done that he felt the first retntn tiT the &tal disease,—this time 
In hie mtk and head. 6tiU even mi the 16ib he was able dating the march to miake ohserva- 
' titMi on foot That eveaiwhe foil into a aemi-nnoonsdkms state, and remained so till he died 
- ghani) 40011 on the 19th. Bis tonMna were hitmted with all bononra by the officers of the 
igtjail$oi^ hjk ipUow travelhgM, on the SSrd, at Leh, 

him, dated the 18th, he 'wrote dtsparaipiigly of the geologund 
to dfoampHsh, the gros^ having been for the most d^ly 
cmEM|||i|^ 49b».hiri{s»ha% already j^ven naall the leading foatome in the several 
hto lAhwhed in onr Of the ran aookgioal coUeotioua he had 

4lbMt aihbdhttrtiloa. ^ 
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GBCaoaiOAX OBSBBTAmKB ICABB OS A VISIT TO THB CHAt>BBSt7&, TSUS SSAS BASOB, 
hjf Db. F. StoUCZKa. Natwralist attached to the Yarkand JSmhaasg. 


After a stay of nearly a month in onr embassy quarters at Yangishar, near Kasbgari 
the diplomacy of our envoy secured ns the Amir's permission for a trip to the Ch^erkuh s 
nitaated close on the Bussion frontier, about 112 miles north by west of Kashgar, 
awKi^g the sonthern branches of the Yhian Shan range. Undra the leaderahip of Colonel 
Qo^on, we—Ci^tain Trotter Bnd myself^lefb Yangishar about noon on the last day ol 
187|^, receiving the greeting of the new year in one of the villageB of the Artush valley, 
Bonre 36 miles north-west from our last quarters. On the Ist of January 1874 we m^h^ 
up the Toyan river ibr about 20 miles to a small encampment of the Kirghiz, called Chung- 
tereh; and foUpuung the Toyan, and passing the forts Murza-terek and GhakmAh, w< 
oamp^ on the fifth day at Turog-at-bela, about 11 miles i>uth of the Turug pass, beyond 
which, five milns further on, lies the Chaderkul. On the sixth we visited the lake, and on 
the, day following retraced our steps, by the same route we came, towards Kashgar, whicli 
we reached on the 11th Jantiary. 


< Having had a shooting day at Tumg-at-bela, and one day's halt with the ESsg’s oh 
ligitig officers at the Chakmfik fort, we were actually only nane ^ys on the rmarefai duriug 
w h i ch we accomplished a distance of ahont 224 miles. It will be readily understood, thai 
whde tUlm marching, there.was not much time to search for favorable sections in oot>of-th{ 
way places; but merely to note what was at hand on the road. I oan, tbmrefore, only 
dnoB my geological observations as passing remarks. 

<: Iieaving ertensive Idsad^qtosits of the vallqy of tiie Kashgar Ha^ the plain ri^;.V(B? 

gisjdnalfy towards ia loir ridge, of which 1 sh^ apeak as the Artoah rouge. ^ mr^airkahl} 
turiform in its elevation,aveiagmg about 400 feet, somewhat ineiearing iu heighitt9«r^, ti)< 
wert and duninishii^ towards the enst, wl^ direction is its gsn^ striliM. 
s^|»atrt the Kasl^ar plain from the valley of the Arturit ' #hHh 'cals, tli 
ridge khout 'rigjht miles nearly due north of the city. , fitwt th&j t 

apgeanVery regularly furrowed aori weather-worn on its i 


«a 


jrial of wWoh it is oomposed. One would have, howwOT, 
ista lof htdded day and said, mostiy yellowish 



tides w^ intrtstratifMl layers d greater MnaBstetuyf 
esf^t.;* Ott tiie left bank, in the passage ie^ the river ^ 

9i ^ly d^ng towards the Kdhgar. pldn on iasd with ia^ddundr-^' 
' into'lhe “hrta^ 










'.SSkijie 



ge ;. “ V'*<«»■* «« amhfica Sunt) <!f Mi»- ”*• 

„-a.»;«. rf «» h.^)»» ^ 

I o^d iwwliete find Ik trace of » W in them, »t weme t0 we very pro 
Af MM of marine origin and of neogeoe a«e> 

'4sgL«i««L d»p« "f «>. ridg.». <m to 

<' 1 J ttifl totK aattHninir bere a tlmtewis of from 10 to 16 

1»d> •» Mp««ted fcom fl» mmi imge V • •>>■»»'' *’™”* 

rikfLJ^.^ «S, rf 

«lk toof"^l.^ur» 0 k wUoh» 

-r 

h|iiv>e been derived. , 

™to to '*’t^ 7S^S^ ZZl 1..T, . totoe- rf 

SrpStotnS’rSSTv iit.1 ri-u.. i»^ •™”'“'»y 

«ty gqu t« ^ an ^ ^ imitation of natoit by haman art. 

Se tMwrti wwfroe of the graved depoaite i« eomparatively low, from 400 to 6W 

the iSSrf ^rivtk.Widiimdi dwwdedemd interaeoted by minor etteawe and old watar- 

: it; tobaple of nriles north of Chung^t the Xokten tani^ 3 

oU^ riaihg to about 8,000 f?et above the levri of the J 

I^STard aoatad*^ ^ Mnrtaterehlaiid Ohakmdfc i^e ^^ 
Iffie If^ Of tlua range cowdate at ^ Sind 

■ ‘ *4 or par»li4 ahalea, ovariain % dark cobaied, woafly 
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ProoM^^ in » a^rtiiowMiily Ahoeettoa^ are lMt’we& near 

Mtnzatdrek. Pxom tliJa i^koe tbe greaimh oontwne for « faw milM foith^r on, mndk 
dkiuibed and oontortod j and at lait don^^poar' nndor a v?arl«(7 of datk oolotuod tlialeB, 
alates, and mndstonea, wi& oooaaioaal intentnMifiod layora of ^laidc, aarthf limestone. Tha 
strike of the beds la drom east by sortfc to ^reat by aonth* and tiie dip ritber veiy hi^h to 
north or To^tioal* At Chaiqadk the n?er has cat a Tory narrow passage through these 
alsooat. vertical strata, which rise precipitonaly to about 8,000 feet^ and to the south of the 
fort appear to he overlain by a lighter coloured took. It is very difficult to say what 
the age of these slaty beds may be, aa tb^ seem entire^ unfiwsilifmmos, and we aw at pre¬ 
sent only regard them aa repzeaenting, in all probabiUty, ope of (be palmoaoic fonna^ons. 

About five miles' norfb-weat of Chakm&k a sensible decrease in (be bright of the rimge 
takes place, and trith it a change in the geological formation.* The palmoaoic beds, a(,thoagh 
still crossing the valley in almost vertical sirota, become very much contorted; while, nncpn* 
formsbly on (bem, rest reddish and white sandstones and conglomerates, regidarly bedded, 
and dipping to north-west with a steady slope of a^t 40 degrees. ||The rooks, thcngh 
evidently brionging to a comparatively recent (kainoiioio) epoch, appear to be mndh alto^ 
by heat, some layers having been riianged into a coarse grit, in which the cement has almost 
entirely dhappeared. I have not, however, observed any kind of organic remifins in them. 
A littie diramce further on they several times alternate with successive, conformably bedded, 
doleritic trap. The rock' is either hard and oompari;, being an intimate, rather fine grained 
mixtnie of felspar and angite in smriil thin crystals, or it deoompoees into masses of various 
greenish and pnrpUsb hues, like some of tho basic greenstonee. 

After leaving the jnnotion of (be Suyok and Toyan (or Cbukmfik) rivers, knd (urp- 
ing northwards into the valley of the latter, the panorama is really magmficent. Shades 
of white, red, purple and black compete vnth each other in distinctness and briBianoy, until 
the whole series of formations appears in the distance (»pped by a dark bedded rock. 

Altimngh, judging from the greater frequency of basaltio boidders, we alrasd|y knew 
that tbis Tod^ must be found further north, we hardly realised ibe pleasant sicd^t which 
awaited ns on the mar<b of the 4)b January, after havii^ left our camp at Kn^a, or 
Bokom-bashu The doleritic beds increased step by step in tbidkness, and after a frw milea 
we passed through what appears to be the centre of an extensive volcanic en^tion- Along the 
banks of the river colnWar andmassive basalt was noiioed several times, vrith oooasioaal wnidi 
heaps of slags and scoriae, among a few outcrops of very much altered and distrurhed sfrata; of 
red or white sandstone, (bus adding to the reimwkalde* contmst of the. scene. In front pi ns, 
and to the rights stretriied in a semicirrie a r^;olar old Sonima; the alumst. ‘perpendknlair 
walls rising to sbont 1,600 feet above the river, and dearly expoeii^ the stroti^ion of the 
flows, which were sncoesrively ^ping to noith-earii, eari, and south-esel!^ On opr 
left, as well as in an almost due weriero dm^on. portions of a similar Smnma were vis|b][e 
ahove. the sedimentary rocks, all dipping in the <q?posite way from^those sbe^ Jrf Tbecone 

has.ia reality entirely disappeared by spbeidence, and the payiiy was hiled wi& the rab> 
!biiboftll(aneigbb<mBngr(m^^ , ■ i 

' | V««i*ig fa>*3w»ri*oi'(b we crossed a eimapaiwtivBlVirwreoPBtaw^^^ 
htOa and intensqited by riioti ridges with easy aispM; thejmreiS|^*^hdl^ Iriw between 
mid IWIOO fret.This undnktmg bi|d)^ ^afrstt ^ovediOvWoiinef Alm he^ 

(Onfr J^l,cbk% cmBoeontKt «f tibe vw^ licb which esatsl 

SW ^ rimmetsc of llto sofifia% aciwftinitB.. 1%e ientig» ||kbahd waaebeww to eoi 
' ’& 3 MStose< gniedi'' «ad- fsbblss lA 'xsthir 'eiii^y -risooilBfiodti^i.^c^ mixed 
and detritus^ eridentiy derired Into ^ erapticsiii ^ * 




jlUt&lr4$ ^ ike Qeol^'^al Bimey of India, 


[tOL. Til, 


WjR|!i ifiti; or Uie ierUory anidtftOBift <»op^Bg oat fir0m^tia|cir.tib« more 


M firom lim dCeiralied poisillotf aeaxottr otuap Mi Torng^t^eia, 

"Mid vlpraad' Iwds, well wiiili jifrase vegieiiaiaaii^ wwe aeen to strMdi &r aire^ 
' and to « &ortii-eMtra ]7 ^reetltnt amtoe toe Torog pass j; While on toa Mttto toey 

;,il^i:ho<to|fld toe wnnewhM higher bemlto! hilto Towtuds toe vtot 

iXv tos^ i£to about seven luilee, aoxosea low pass atwhinh atributaiy of theToyan 

rises to two bra^iebes; whileion the otoer side two itoiUar streanu flow west fay souto to join 
toe Soyto river. To the north toe proximity of a ratho* precipitously risiiig xai^ shut tllfa 
rest of toe world out of view. For this ridge toe naius Terto-tagh of Humboldt’s map inay 
be retained; its aven^ height ranges between about 16,000 and 17.000 feet. In xts western 
extension it runs almost due eaat>west. ocnaposed at base of a tough limestone eonglomende 
of yoiAiger tertiary origin, followed by white dolomitic limestone, and then fay a succession 
of risty and'dark timestone rocks, the forma oooarionally showing distinct rigns of 
'metamorphinn, aM changing into schist. .All toe beds are nearly vertical or very highly 
inclined, dipping^ north by west, the older apparently rotting on the younger ones, 
north (d Tnrag<>at>bela toja range makes a sadden bend in an almoat northeny direction, 
9|nd continues to the Ohaderknl, where it forms the southern boundary of the lake-piatean. 
By this time toe white dolomitic, and afterwards toe slaty beds, had entirely i|isappeared, 
and with thepi' toe height has also diminished. A comparatively low and narrow branch of 
toe range which we visited consists here entirely of dark limestone, whioli in single fiag^ 
ments is not distinguishable from the Trias Umestoue of the Eoktan mo nti totos , hut here 
it does not contain any fossils. The ridge itself, after a short stretoh in a noxto>east' 
by«norto direction, gradually disappears uuda toe much younger conglomeratic beds. 

Access the Chaderknl plain toe true Thiau Shan range was visible^ a r^ular forest of 
peaks seemingly of moderate and toleraibly tmiform elevation. The rocks all ^chihited dark 
tints, but most of. toem, as well as the hills to the rrest of toe Chaderknl, near the soarees 
' of toe Arpa, were clad in snow. ISie lake itself was'frozen, and toe suirotinding plain 
covered, vrith a wMte sheet of saline efflraeseence. ^ 

iketeh <if the geolo^al history qjt the hUl mnye* p'averaed.-^'bi order that the 
pMtoding ramarks may he more eatdly pnderatood, 1 add a few words regarding the changes 
which appear to have taken plara M toe close of the kainozoio epo^ within the Bouthern 
offiihoots of toe ThiSA 8hsn which we visited, 

Bhdrt as qur sojourn in toe mouqtalttB was, it proved to be very .intsnsting a^ equally 
'initruative. Huinbiddt’a account of toe' yidqanicity of the Tfaian Shan, ehiefly taken 
tSuaeee. soutqea, zeemves great support.) wa must not speculate fhrtiier beyond oonfl^^ng 
V ^ ^ meso* ahd,|pl)iK>>zoie rocks will be found ;nmply reprasoated 


.oar present researches in ike phjfsioal aiqweti^ toe oonmby extend; we iUay 
geol^eBlly! difk^ s tke' Stevib Whito is too nortoeramtw^ 

' nriiai^'.&Itewad % 'ike 'raape/rbto)W uddek bi^|tea 

^^]||te6;.'dacr«we in the same.<qrdM In their ahaidate lie^k^ike 'Itetve^ liaUto 

Bfi#inmteiy Moles, flbe Moond qf 
youagesr. ..tertiary -aad .'boMi^'^xikiiks dwxTI ^ 

,^,&q!ib^,Weai^;ite:-i^^ aearijrs'Sqi tote':dkMoitea datii^ 








SioUczka ; Fi«U to the Chaderkul. 
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dktbiuw between the two rangee dkoJniehing westwmrd, while in the dpponto direcMon it 
most sdbn more than donble. Judging from the arrangement of the pebbles, which, as 
aheadj noUeed, are haU derived from limestone, the direotkm dl idie old drainage most have 
been &om west to east, and rnoet have finmed tibte headtnktms of idie Aksai river, which on 
the maps is recorded as rising a short distance east of the Chaderkol. Similarly, the gravel 
▼alley between the £<dctan and Artush ranges indicates a west to east draim^, and its width 
appears to have appnndmatriy averaged SO milee. About three miles north of Ohungtorek 
a secondary old va&y exists, also extending from west to east, and is diametrically cut 
across by the Toyan river. In this valley, which was fimnerly tributary to the'tane Ijdng 
more southward, the gravel beds aoonmnlated to a thickness of fully 100 feet. As the 
Artush range did not offer a soffidently high barrier, masses of the graved passed locally 
over it or through its gaps into the Kashgar plain, which Itself at that time formed a* third 
laige broad valley. 

Thus, at the doee of the volcanic empdons in the hills north of Chakm&k, we fin^ 
three river systems all flowing eastward, and made more or less mdepepdent of each other 
by rangei^ about which it would, however, not be fidr to theorize (in the present 

stete of our knowledge) on the cauees of their assumed relative position. It must have been 
at time that the pebbles of piotog^ne were brought down from some portion*of the hills 
lying to tA wmt; and it would be interesting to ascertain whether or not this rock is any¬ 
where in that direction to be met with m aUu. When the turbulent times of Yuloan'ji reign 
became exhausted and tranquillity was restored, the whole country south of the axis of the 
Thian Shan must have greatfy subsided, and the wider the valleys have been, the more 
efibotively was the extent of snhsidenoe felt. To support this idea by an observation, I may 
notice that north of Chungtereh, at the base of the Eoktan range, the Artush beds have entirely 
disappeared in the depth, and the gravel beds overlaying them dip partially under the 
Trias limestone, a state of things which cannot be expluned by denudation, but only by 
subsidence and consequent overturning of the older beds above the younger ones. A similar 
state of things is to be observed on the Terek range, where the young tertiaty limestone 
conglomerate is in some places of contact overlain by the much older dolomite. Now, if the 
broad valley of the Kashgar plain sank first, and gradually lowest, as it in all probability 
did, we find a more ready explanation of the large quantities of loose gravel pouring into 
it and aocnmnlating at the base of the Artush range. ^ 

The siTikin g in of the volcanic centre north-wmt of Chakm&k first appears to have 
drained off the former head of the Akstu river, making it the head of the Toyan instead; 
and to the north of tiie Terek ridge it was most probably the cause of the origin of’the 
Chaderkhl. The subsidence of the country followed in the south, making it possible for the 
Suyok and Toyan rivers to force thdr passage right across the KHoacton ranges 
stiongihen the Artush river, out with facility through the Artush nmge, and jdn the Eashgor- 
daria. While thus indicating the course of the comparatively recent geologhsa] history of 
the ground, it must be, however, kept in mind, that this change in the system of drainage 
ao es e eutaid effect upon the direction of the hill rouges. This, dating firom much oldM 
wae mainly an east-westerly one, following the strike of the rooks whieluiPfoPoso the 
whole mountain system. 

EaSHOAV, ) 

I6if& Jamary 187A ) 
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Reeordu tf ihe Qedlogical Survey India. 

Ihe fbngoln^ paper woe in type, the oahmitoiu neve of Dr^ StoUozha’e 
deaili he* he<ta troMTefl. Thia opportonit^ is therefore taknt of pnUiehing a few last 
Ipolefiail notee ooinmnnioatad in a private letter. The Mowing is a letter dated Kil* 
Pttij, Wi^khm, 14th April 1874.-^ « 

^^KTe oroflBed from Yan^hisaar to Siriknl in ten dayp; and after two days* halt at 
tibldi plaotfi eroeeed Pamir Shard in twelve daya. The last few marchee on this side 
were aheat the worst we had. The road is very bad, and the daily anow-stomu so heavy, 
that on ^ne day we were not able to make more than five miles. Wakhan itself is a 
miserably poor country; and it is a question whether we shall be able to get enough supplies 
to take ua back, if we do not g^sometlung sent up from Fyzabad. Our ponies will requite 
at least twelve days to recover from the fatigue they had on the littie Pamir. Whetiter by 
that time (he road by Pamir Saian will be open is very questionable. 

* • 

"I ought to teU you something of the geology, but it is in very few Words. There 
•ore no younger rooks the whole way than trias limestone. The Pamir Shurd proper is all 
gneiss and metamorphio schist. Do not imagine that the ‘ roof of the world ’ is an elevated 
plun; nay, it is a mere valley, well supplied with gneiss and boortsee, and from two to three 
miles in wi^th. Prom the hills to the south, glaciers come down almost into the valley; 
while the hills on both sides were deeply clad in snow; so much so, that for sever|l miles not 
even a few square feet of bare rook was -dsible. If we go back by the Pamir, I shall try to 
make f, halt of two days before reaching Siriknl, and examine the triaesio limestone. The 
<dd slates give no hope of yiel^hg any tiilobites.”—^B ditob. 


Ok «hb tobxbb bxtbrsion of Giacibbs witbik tbb EoKOBa Distbiot, 
bjf W. THBOBaiD, Geological Survey of Ivdta. 


Prellulaaiy niwurki 


The auhieot of the ftnmer extension of glaciers along the aonthem slopes of the 

Himalayan chain to fer greater distances than they now 
reach to, might at first seem of necessity to involve, for 
the due treatment of so comprehensive a question, the examindtion <if a fer wider area than 
1 am about to review tq, my present remarks, and tiiis to a certain extent is* true, for 
the phenomena in question nadoubtedly form but a portion of a very grand and widely spread 
display of glacial oon^ona extended over an area which, from the insuffioieBoy of our 
data, it were at present premature even to endeavour in the most general way to indicate by 
limits; nevertheless, as it js hardly possible for the more enduring reeolte of long continaed 
gkcbd conditimiB to he b^r sta<Ued or more (hataoterietiidy displayed than in the fedogia 
fUstriot, and as the salge(d« moreover, is one whioh has been rather nqgleoted by preWous 
srtiters, 1 ooooeive that a few remarks thereon, even oonfining myself to the limited area 
iadissted, will not be altogether without interest and value as a basis whence future obser* 
tnatieos amy be extended both in an eastern and western direction. 

IfOMtines, the most striking no less than the most Mudoring of the products of glariation^ 
fettnl^ i^jUspIcuoas a feature of the surfime of so large a portion of the Kdngra district, 

I of the least ohspswut travellec Is rlvetted by them, and I had hardly set 
before I wee ^piestionedae to the ori^ dl those treius of loose atonee 
and whose general sepeot was so difierent tcom the ordinary aeon- 
Tfulht^ tf Bwapt down by sbmams iaeuch sitaations, and the megnitnde of 

to nuayel tihsIbetiliMi ht question leuihMlQg it obvioivdy 4iSordt to refer their tranqwrt 
la Ufa 4^r(ktb of l|iStt streak and suggest^ xether the iutarveatum of some mysterious or 
OikA^sl lehMe. 
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Medlico^ in .bi» ^ . Gealflgy dated Jaauaiy 1864 in 

: to thd Memoij* of ti»6 Qeol^eal Surrey of India, 

to dmir attention to the piesenee of 
* emtio'' Uooltii alox^ tljg|**baBe of the Dh&oia^&r " and to record thtor oeonrrence in thin 
region “ at so inoonsideraDle an elevation as 3i,0(K) feeV bat np attempt is made to define the 
precise limits 'i^hin which these ernties ooCnr, or to map their oomrse. . In fiidng their lowest 
limit too at 3,000 feet, Mr. Medlioott has somewhat erred on what may be termed the safe 
side, since the fort of K&ngra, which is the midst of them, is no more than 3,419 feet above 
the sea, while 1^000 feet may in round nnmben be taken as the mchn elevation c$ the isother¬ 
mal line, coincident with the limits of the terminal moraines. The statement, too, that 
mraticB first appear on the “ east about Haurb&gh ” is likely^ convey an erroneous impression 
as 1 shall hereafter show, nnce though undoubtedly there is a very sodden development^ as 
it wem, of these * erratics' from Haxirbfigh westward, yet their absence eastwards from this 
poii^ is due to denudational cauws, and not to a sudden or local devdopment of ghunal 
phenomena continued along the flanks of the Dhfioladhfir range, west from Hanrbfigh merely, 
but of this more in the sequel. * 


Dr. yerobSre. 

NOtioe of erratios sad floatinr-ios. 


Dr. Yerchblo, in his account of the Qeol(^ of Kashmir, the Western Himalaya, and 

A%han Mountains, in the Journal of the Asiatlb Society of 
Bengal for 1867, Vol. XXXVI, Part II, pajge 113, describes 
erratic blocks north of the ^t Range, in Latitude SS^H* 
and refers them to the agency of floating<ioe $ but there does not SMm anything in Bis des¬ 
cription incompatible with the idea of these blocks being the disintegrated reinnants of old 
moridnes, rather than due to the transporting powers of floating-ice; and it is, I think, rather 
more probable than otherwise, that they will prove to be strictly connected with the erratics 
of S^gra, and of cotemporary origin, daring the glacial period to which my present obs^- 
vations refer. Speculation on this point is, however, premature, and must wait the result of 
observations over the intermediate area, which have yet to be recorded. ^ 


The t ask of tracing out the course of the moraines which descending Shm the Dh&ola- 
dbfir range pushed boldly across the E&ngra district, is rendered unusually easy from the great 
contrast which exuts between the rook of which the great minority of erratic and moraine Mocks 
..' i> . 41 consist and the tertiary clays and sandstones whereon they 

lie. Near the boundary of ^ tertiary i^ups, the enhtie 
blocks almost wholly consist of an easily recognised grauitoidal gnmss, neually highly 
porphyritio, forming the central mass of the Dh&oladh&r range, and vlfiueh roMt, only towards 
the eastern extremity of the district, assnmes a distinetiy schistose or fissile habit, which 
proclaims its relation to the gneissose mi|i| metuhoiphio gixmp of r;o«hB, rather than to am 
i^t^^e took or grmiite proper. Afimr travereing, however, some dietai^ the area 
occupied by tertiary i^ks, the moraines are, frmnd to conms^ iR addijtion to the games of the 
pi^ladJ^, of an ever increasing admixture of. well rounded and wttli^-woro bbuldecs, from 
4 i^V* Rp- b} 9 feet, or more In, gi^, .of . the*harder echistoee an4 ejiimous rocks, 
derived from the coarse boulder cc^lomemtes constituting fhe tj^ppermosb beds of the 
Nfihnn, or miooene tertiary, group through which the oM ghmi^ ploughed tbefr way. In 
jMroport^ too,' 4 dth the decrease in number of the DhiMadhlr erratics, oompai^; wkh the 
other jnatof M* of the moraine, a diminution in may/be xen^ked, iadj evcn^i^i^||^0ld|\^ 

an oecadonal smtil boulder, to be detected only beite if camfoillyr 

retnahmef tiieDhfioladblur gamm^ io indicate by Ba teU<te^|Uftom^ the 
of the glai^ <m wbkh it had travelled so ^; and It. eao be rndily undem^od 

bow, ln''ii^’ qtae^ the'actual fistent'M^'aflai^ may have. ''I^ .'-^^teir. .then' t^.aMn|iti^ 
to lb, fttnn the'diSieultyrut the tbe rock, id disonminal^ 

betw^ m^eriete^opwly belot^gio iik' toor^ ai^^ibb'saeedsel^ tinflbn! i^terlii^ 
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ythete 1^6 moteSno has eiiiier ceasad or becomo waoted and eoveloped m dep^^ts duo to 
olBiiaipIiiette 4nd dnvial agency aa opposed to gladal, the more so as the moraines thehtselims 
idnee tba period of tltebr dnal arrest, been evmywbare sulgected to the eaergetio opera¬ 
te of fevtUer forces. The actual limits, hotrever, wittun whi(ij||ptt is doubtfid if gladers 

er 4<»«&Mtai to ohUtersto «* «»e disintegmtion and 

munSrn Mgdatsd tv condttioDBor rounding off by subsequent atmospheric action of their ter* 

minal moraines, are extremely narrow} but the vast power of 
denudation in particular places, and under favorable conditions of surface, and the abiHi^ 
of the exbting rivers to remove every trace of former moraines, is in many places well 
illustrated in the area under review. 

Prom general conoderations there can bo little or no doubt, that the valley of the Bids 
afforded passage to a noble glader, to a point at least as low down as Nad&on, which would 
give a course of 120 miles in length firom the snow-fields at the sources of the river f but 
the present mal" dumnel of the river has since that period been so deeply and sharply 
excavated that not a trace (or such at least as a cursory examination would enable one to 
detect) of a moraine, such as we know must have resulted firom and marked the course 

of so extensive a glacier. At Siq&nptir the moraine of the 
**®"*“® Sty&npdr glatder is seen pushed ^ht across the present 
channel of the Bi&s, at a much higher level than that of 
the present stream, which has made a dean and deep out through it; yet, though the erratic 
bbylfg scattered round the Traveller’s Bungalow at Snjdnpur, and all over the truncated end 
of the moraine on the opposite side of the river, are of a large size, not a trace of one can 
be seen in the river bed beneath. This fact conclusively shows the power of the existing 
rivers (where their narrowed channel, as at Suj&npdr, their effective force is lai^ly 
increased) to utterly remove all traces of such depoeits as these old moraines even where«they 
oontain massive boulders of 12 feet in girth and upwards; or what is rather more likely 
any actual transport of such blocks is, that when once fairly sucked into the waterway, 
they are poun^bsd to pieces by the incessant impact against them of the hard sUicioas 
honlden driven forribly against them during floods. No one who has listened to the 
oeaseless thunder and muffled rattle of a swollen Himalayan stream can donht the full power 
of each an agent to effect in time the above result. f 

Again, between Mandi and the bri^ over the Biis, below that town, nndouhied traces 
uotorof of the old tmnk moraine of the Hi&a valley, 

* where the present vallery is rather open; hut just above 

and for a long way below the bridge, the river gorge is swept perfectly clean, as with a 
besom, of all traces of a moraine^ snob as may he^oticed a little higher np; and this would 
seem to be generally the case where the valley narrows, or Is nnna^ly predpitous, either in 
the main channel of the iffifis, or in the ahannela of its tributaries, the power of mOramSs to 
witiuriend the erosive action of rain an^rivnes d^ending far mote on the physiod obaraoter 
of the gorges they oecopy, and the slopes whereon they repoce, than on dther their hn^ and 
dimenriobs or the magnitude and draraetor of the materials of which they are oompoeed. 

Dw 171 (Ool) river which enters the Bi&t above Ifandi takes its rise in the omrtinnation 

' ■eukf sltmtnL ^ snowy peaks whence the gladers of the 

itCagra district dssoanded, and no one who has exmniaed 
Hm W ^ a'hdmable map to consult, can yntertain the shadow of a docM that an 


*1 


m 


.Abs to 


enormous g^hder must have once traversed the velley of 
the Ul, debouching into tbs Mho vallsy and uniting vrith 
the gteat trunk,jglaeier of that river above MaOdL Bnt 
^ no ttapi Of tty rnorOhm eould be detected in tb& portion of the 171 valley near Jatingri 
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eximined by tne, «ad » ptttfiMsUj adlflqtiitte exphnation of tiiis (aroatoBtonoe ia, 1 think 
nffiirdad by tiie vmy otoep dianifiter of the hill aides bounding the valley. The Ul valley 
is not only very stra^ht* but refnarkably steeps the sides in many plaoes forming an angle 
of not less than d0«* so t|pit any one who will reflect what sent of a slope in nature an angle 
of 60° T^resentSk will easily understand how impossible it would be for such incoherent 
materials, as moraines aie made <A, to effect a lodgment in auoh a sitT»tioo« and resist for 
ages the oombined effects of floods in summer and avalaaohes or snow slips in spring, to 
sweep them «• UMMse into the yawning gulph below. 

A reference to the aocompqiying map mil give a dearer idea of the general oourse, 

arrangement and rdarioas to each other of the graders 
esumert- formerly traversed the E&ngra district, than any 

more verbal description; but neither tht scale of the map 
nor* the time I was enabled to ^vote to the subject suffice for any attempt at details as 
regards the various subordinate features and minor sur&oe changes r^erable to the gladal 
period in question, though the sketch embraces all the essential points of the case. * 

Between Mandi on the oast and Nnrpflr on the west (being the area to which my 
remarks are mainly confined) seven ptindpal glaciers descended into the valley ,of the Bi&s, 
which was then of oourse filled by a superb trunk glacier to wfileb the above served as 
lateral feeders, and wbidi taken in order from east to west may be thus described. 

1.—Thx Daiitr OniciBS. 


The most easterly feeders of this glacier passed down through the village and tbannab 
Ths Daiin i«« f* Haurbigb in Mandi, and after being jenned by several 

equally laige or larger glaciers from either side of the 

milage of Doila, the united glacier descended the narrow valley of the B&na river, which 

joins the Bi&a ten and half miles below Mandi. The most westerly feeder of this glacier was 

formed by the bifurcation of a huge glacier, whioh descending nearly oppoute the village 
of Aiju, there siiit into two streams, one of which descended tiie Bfina valley, whilst 
the o&er assom^ an opposite course, and formed the most eaatorly feeder of the next 
glacier. * 

2.—Ths BaijuXtb Glacxbb. 

« 

This glacier was formed by the union of several large glaciore, j||}nch united below 

n&th and pursued a oourse down the vaUey of the Binuu 
Tha BafinAih gisder. rfver, wjiioh joins the Bide nearly midway between the 

m o uth of the B&na above and the large town of Suj&npfir below. The most easterly branch 
of this gluier has been noticed above, as coming from near the village of Aijn, whilst the 
meet westerly branch was similarly formed by the Inf urcation of a vast glacier, which pess- 
ing down a little to the east of the village of Banuri (Bunooree) was split into two streams 
against the ouneilorm mass of hills some three miles south, of ^at village. 

« 

3.~Tieb BaimBi (Bcxoobxx) Oxacxxb. 

This glaeier is the smallest, as for as the area covered by it, of any under uotifo, ftid 

might he regarded almost as a satellite of the next, with 
Ths Pmart giacisr. whidi it was probably intimaMy oonneoted, but as some of 

its readr the Bids by a separate oourse it is ettumemted with the rest. It consisted 

mainly of the westerly feeders of the glader above described as Mfuroating south of Banuri, 
with some obsourdy defined ctotributwiss, stiU more to tits west, and jomed the Bids seme 
few miles above Swjdnpfir. , 
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4.^Tbs Bviivrin Gucm. 

A 

Tltu veiy large glaoier was oampoeed of eeverai parallel and inoscolating eireams, all 

ramuQgiWitb a oomparatiTely straif^t course paat BurwAr* 
TbsSaftopArgtadw. ^ Sioitiptur, the main sixeam having 

evidenUy descended along the course of the Negdl river. 

< 

6.o->Tss HabivOb OtaoiBB. 

Hus was the largest and most interesting glacier under notice. *The most easterly 

feeders of it passed close under Dh&r bungalow past 
The Haitper guider. Puthidr, and thence with agrand curve south of Nagroteh; 

whilst the most jvesterly feeders descended close to B&ghsu cantonments. Between these 
limits a number of glaciers descended from the lofty Bh&oladh&r range, pierced the outer 
range of schistose roths, and coalescing below Efingra into one mighty stream ploughed their 
resistlipus way through the tortuous gorge of the Ban Gangs, past Haripdr, and through the 
village of Qoddu: (below which huge erraticB are scarce) as far as the village of Ghoridl 
(Ghooiyal) or perhaps even farther. 

i ^ S.—Thb Guj Glacibb. 

This glacier might bo appiopriately named after the village of Nagroteh, near which it 

debouches into the plains, but as there is a bettor kno^n 

t The Gai glader. village of that name, mentioned above, east of E&ngia, it 

will obviate confusion if the name of the nver down which it passed is substituted The 
most easterly feeders of thu glacier descended a litGc west of Bdghsu, the most westerly 
ones, a little west of Bihlu (Rihloo). 

7.—Tax JawXu (Jitwalbb) Gbaozbb. 

This glacier, the most westerly one in the E&ngra district, was composed of two main 
^11 w branches, one from the east, flowing under Tilokndth, whilst 

TheJs g «. other passed down close under Kotleh, below which 

place Gie two united, flowing from nearly opposite directions, and together passed down the 
gorge of the Darh river, debouching into the phuns at Jaw41i. Below Jav^ the moraine 
of this glaoier, mainly, peihaps, through the action of subsequent atmotqiheric forces, spreads 
out into a &n<shaped talus (snd the same is more or less ohsirvable in the case of the Guj 
glader also), so thati^ts precise termination is not clearly marked, but it not improbably 
extended to the Bi&s rither independently or after uniting with the last. 

In speaking of the glaciers ennmmnted above I have used the past tense, as I am ttn> 

_ ,, . ____ certain if at the present day oven so much as a permanent 

gg m legton. rmmant remains of some of them; though to the eastifard 

of the region they originate in, towards the head of the B1 vaUeyi snow^fields and g^iers 
are represented on the map. Whether or not shrunken remnants of any oi them still remain 
pent within the deeper valliee among the peaks of the Bh&dadh&r range, is of little 
moment, since the precise ootunie pursued by them is no lessphdtJy marked by the Cyclopean 
trains of boplders they have left behind them, than if they were still present to out 
pieBiAt thdr origina} proportions.,^ * " 

^i1|e flMKalass witiiin the district present eveiTWhe^ rimilar features that 

HoniiiM la * description of one them will HHtiaiii muimdia stand 

* fiiir ail the rest, the difforences betwaw them bring confined 

to twhiritreriMb riid the ssoondary rimvaeters kn^ieBsed #a tiiem by atmospheric action, 
and the extent to whioh they have bem eat into and abraded bv erisrinir streams. Descend* 
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ing from the oentrol peaks ol i3s^ Dh&oladh&r rang^, in tke fom of sinuous streams of 
bouldera, ragged, angular, and ina^Te, man; of whkdi attain ovm 60 feet in their greatest 
diameter, they traverse by narrow goiges the range hills omnposed of achistose rooks, in¬ 
tervening between the Bhiolsdh&r tang^ and the plains of the E&ngra district, on reaching 
which they expand, inoscnlating and 'coalescing in the open ground to such an extent as to 
cover the greater portion not ooonpied and d^ended against invasion’by hills. In fact 
Former appeannoe of Kiogra dis. so' complete was the union of these gladem that the whole 

of ^e area shown in the map to have been traversed by 
tiiem must have presented the appearance of one huge ice-field, if we can rely on the 
evidence of the perfect mantle of moraine material which now covets the ground. 


The size of some of the gndss blocks which have travelled well out into the plains is 
BIm of surprising, till the mind fully realises the quasi-omnipotent 

power of the agency involved in tiieir transport. Near 
Busnnr south of Bihlu, I measured one block embedded in a field by the roadside, 125 feet 
in girth, and in this and other cases the present dimensions are probably much under the 
original size of the blodc, from, the desquamation of the snrfisce under the action of frost, 
sun, and rain, and in some situations by the friction of stones swept against them by 
streams. Agtun, between Bfighsn and D&rb, four blocks in the immediate neighbourhood 
of the road measured in g^rth, respectively, 100,125,134^ and 140 feet. Blocks of titis size 
occur, ofr'Conrse, but seldom, but those from 70 to 100 feet somewhat more commonly, whilst 
blocks approaching 50 feet in girth are too numerous to reckon. So great is the abundance 
of the rocky fragments brought down by these glaciers, that the entire conntiy just outside 
the narrow schistose range, which skirts tlie dbtriot to the north, is so covered with them as 
to leave no other rook visible; and but for the fact that none of these blocks can be seen in 
situ, and for the section occasionally revealed in a deeply oat river bed, the casual traveller 
might very naturally consider the whole area ho was traversing to be granite or gneiss. 


The process by which this condition has been brought about is a very simple one, but at 

Fsn-riiaped expsiudoa of glaotow P«>of of tho^magnitude of 

on quitting the fauia. the fmces at work, and the duration of the period during 

which th^ were displayed. On quit^ng the narrow goi^ in the hills whm’ein they had 
hitherto remained forcibly pent up be^een rocky walk, the gladersi^t once erpanded, partly 
through the natural tendency bf a piled up mass, possessing the known plastic character of 
glacier ice, to spread out on si kvel surface, under the simple operation of gravity, and 
partly to the lateral displacement which later glaoiid accessions #B8cending such gorges 
would receive from the accumulated morainis of earlier years, heaped up in thrir direct 
path, either dmis^ periodical meltings or during the secular retrooe8Bi<m, probably not a 
oontinnonsly uniform process, of the isothermal line of the terminal moraines of the whole 
group of glariers in question. Exception will doubtiess be taken by some to the idea of 
expansion timmgh pketirity havii^ had any apprecisbie influence in produi^ag any lateral 
diverrion of the moraine when they enter the plains, and I am pr^ared to admit the subor¬ 
dinate operation of this cause to the second one I have mentioned, but that it was a vera 
causa, to a certain extent will, I thhik, be admitted, if due weight is giFen to the probable 
.ii-tnimriAWB vertically of the glairs in question. If, as has bsm condusiTely established, 
a shaUeno glacier can qi^pdrupk itlptiiioknms when eomptessed between narrow limits, it 
cttntxrf. he theoretically denied the power of reassomiug n shaUotrer, that ia, a more si/^oAsi 
form, whan, on iMmwtg firom the hiUe, it becomm rdfievsd firom idl pressuie having % ten¬ 
dency t» counterart the ordimuy efih^ of gravity on a phstio body, heiavilj weq^^ by 
thofiressnro of the enormous moraines Mapported by it, whh^ ean hardly be so insigiiifioaat 
as with ti me to prodnoe no apprackHe rssu^ Hhiriy or 4QN fset is no rmootunum thipi;* 
ness for one of these E^ngra moxamesj said 1 greatly dumbtif in acme oaaea a haadradtfii^ 
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wImiU not '4iti nndw erthoate. If &Bn w© mak© ©Uowvbc© fi)r tl»c inteniuti^ed w© and 
©noir^ #M(dk'niud kav© cemented iliie j^tidigimw maw tQ§Bther> ic© shall not gseatlj en 
yt 0 tkft piewmfs it imut hasro ©terted on the ^buiflri whOTeon it rested as eqtul to 

a of atdid granite of one-half that ikicknesa, a fane amply snfSmeid;, when applied 

to li^ 'i© H^k stratum of plastio* ghidm iee,as w© mttst suppose to have been assodated with 
fy i >; giuiit moraines, to haT© ptodueed a T«y eanoMe btend eapansion of tiw nse river, 
if no mow, of that expansion or lateral deviation, a trodency to which all the 
moraiaw, more or less, at present display on delwuchi^ from the hills. 

Ttmt later glaciers have thrust past earlier ones, and intersected their moraines, seems 

scarcely to admit of a doubt, thereby pxriucing an irreg^- 
DetUitton of glaciers. baity and confnsioa in the artai^ment of the erratics and 

materials of morame® spread over the connfay, at first suggestive of the less tegular or 
sporadic agency of floating-ice rather than of glaciers, whose frequent inosculation has been 
the real cause rf the irregularity in the network of resulting moraines. 

Along the course of the road from K&ngra to B&ghsn numerous illustrations of the 

conditions sketched above present themselves. Ijong lines 
KSagM to SS^an. geen to stop abruptly and sink out of sight 

beneath the soil; sometimes indicative of the arrest, either temporary or final, of the parent 
glarier, at others of the disruption and truncation of a mormne by a glader of ^pter date 
pursuing a nearly coincident course. Near Bogli, after passing the temple and tank of 
Gangabarahi, the road skirts a low ridge, with a well-marked moraine on the right—-a long 
' airing of erratics, whose course is sharply defined; but on turning the end of the ridge, and 
|<>p bing towards the village of Ich-hi, the country is seen freely overspread with blocks in 
which no regnlar order can be made out. 


The suggestion of Mr. Medlieott, as to the possible intervention of the agency of 
no^g4ofr-no coaotaslve evi. floatingdee, in distributing erratics in K4n^ here oc- 
de&wof. ouxred to-me, but 1 was eventiisUy led to reject the idea, 

from the ikot that, as far as my observation goes, these erratics never ascend beyond a 
certain relative height, which being no greater than t^t within which the traces of glaciers 
are found, goes' fer to dbprove the intervention of mj other igency for the distribution of 
the blocks in qnestimi. It is of course obvious that floating-ice and glaciers could not have 
ri fd'itm p oir an eously ocomred over the same area, and the fiwt that no erratic blocks aw known 
in Sflpgw, hetimsd the general lunits attained % gbuners as fixed by 'thtir continnoos 

Mwraor of Ms tonasr eristeaco ia leoraines, is hlooe almost oondusive disproof <rf the agency 
XCagm. of floatihig-iee within the district. The mrratic hloeks'are 

somaiked in chai^srier thst they could seanriy escape detection, if they ooeozred h^ond the 
limlt o above ass^insd to titem, and thisy^lbr a negative axg'ament, must be allowed unusual 
Wright If tim above oondnsiQa Is eorreet, the mow perfect and hnsal mowinss aw 
the yonhgest and (tidvhd atamsriisrio densdStios impart) exhibit the ptecise appeaxanoe they 
wainit^ of! the glaoisl oonditioiui.<in whirii tfa^r onghmied, whilst the mine 
aori^^ «# ;disseeiat8d must he tegazded as ibs fragmentary wmnants of mow 
ansfe^ hsutjoug riaoe desfeby^ by surface < changes 

wroarilt W Itorritewd smBw ABfllbnae^'ri. 
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All the K&Pi^ siMaiikeB hftve » veig; M^ed or * hog-baoked ’ outline, and ate alwt^ 
B^amtad Kj « mqro or less stmof^y. awked TaUo7 or wnne from the bills round wbiob 
tbej pass. In the ease of the larger mofeinei^ Ike resulting effect on the landscape la 
rathor ourious: hiUs inewed across one of these monunes have a peculiar sunken or 'hull* 
down' appearance^ ’£rcnn ike crest of tiis moraine interceptiag all view of their base, as 
the marine horizon does of a Tessd's hull at a certiun distance, and trees and Tillages 
situated on the opposite slope of one of these moraines from the obserrer are from the 
extreme curvature of its surface similai^ concealed from view. 

Another featnre of the surface, oooasionallj very prominentlj’displayed, is the nqnd slope 
of a moraine across the valley, wherein it debouches. This is well seen in the momine west 
of Dailu hnngidow, in the rapid slope of that portion which passes from Aiju down the 
course of the B&na river. The river running past the village of Dailn brings down no 
erratics above that village, but Dailn itself stands on the verge of an easterly branch of the 
same glacier which joins it lower down. 


I will now describe certain physical pecaliariiies of surface in the Kdngra Strict 

Phydoal festureataKtogrt result- directly connected with the glacial conditions which for- 
tog from gisoisi oonditions, mcrly prevailed there. * 

The Kdngra district may be ideally divided into three vertical areas or zones. 


Firttly, a preglacial area embracing the wkole country which contributed, from peak to 

plain, towards the genesis and development of the glhders 
ist, pregUdal area. under consideration; speaking roughly and without any mea¬ 

sured data to che<^ the estimate, the above zone or area embraces all ground higher than 
from 260 to 300 feet above the mean level of the present streams. 

Secondl^t a glacial area, propmr, embracing the entire area either occupied <nr ezcaratCd 

by the glaciers, whi<k may be approximatdiy fixed as rom- 
Snd.gisolal stea, proper. mencing at the bottom of the above division and termfnat* 

ing below at a level of about 160 feet more or less above the mean level of the present 
streams. 


Tkirilgt a postglacial area embracing the whole of the ground below tiie basal 

limit of the last division, and the result of aSrial deundaiion 
arc, poBtg ans. subsequent to the cessation of {^ial conditions. 

The first division calls for little remark save that it is the area within uriiioh we should 
most naturally expect to meet with enutios, deposited; firom floaring-ioe anterior^ to the 
formation of the moraines of ike lower ground, had any su(k agency been in operation; 
hut 1 am unacquainted with any snoh, and therefore, no less than firom (ke physical diiffioiil* 
ties sndh a supposition would involve, have x^ected it for the stm^ one nf glaoisn^ whose 
former prodigious development is eo stamped on the coimtry. By floating-ioe, X of course 
undrastand ice floating at or near the sea levd, rince the assumption of fioating>u)e in some 
elevated eea, of sufficient bright to bring its wateis witkia reaok, or nearly so, of the 
ordinary glacial isothermal of its latitude, is perfectly nawamntcd'hy evidence, certainly 
at kaat in the E&ngra district; the only fine riay^ de^t^ the legnlt of a tranquil mode 
of deporitioui which ooul4^ po^y 1^ reforred td sneh ocnuUtioii^ heiag a red day of clearly 
gge, which in some parts attains oonridecable davriopn^ sod which iqay he 
lefiBnri^ to a rA« tginro<»1 p(^od of lacmhcjne deposition ooinoi^le^ with a geoend- fahri4«Hice 
tS. the whole ^iipalayan regum and tlb^giadnal epprorinwii^ ofi tine geiural riiinabs to 
that whieh at preaent obtains. Ikisred qhy^ooveiudaiomtW enormotu aiuae toKtog^ 
and tony imt iinprobri>ly nmrk a periol of trae lake for^rii||ice^ along tk# eiwtbm 
dopes W the Btunalaya lakes mdsted store mcttorively tei ridiiriiiff indieatiens wnakl M 
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tat.torf.lM. ta. to 

tltoogH found l»ere *“d there if aonght for, ae,for, exaa^, a^» 

betw^wkjJiwrtl^ «d Norpfor. • * . • 

leeend dmsion is emphatically the area of glacial display at^ to it an 

H M ;i jrmticit which are approximately in tiie positioii where they became 

all iim thonunes and errawos, wmcn are »pp»v j i ^ Aj- <» tbe other 

dirimona be better seen than near the town of Kingra. 


Bl^vuo arw art.»www» --- 

Ktagm. composed of pebbly aandstones with a Uttle ^ ehaJe, 

. • 1 — to ♦WnV Win of verv coarse conriomerate, which throughout 

which soon give pl^ Jf, 4. ^ ,i;,nMon of the Wahup group ,of twiaaries, of pre- 

Klngra constitute 0^17^1 pfer^^^^ 

„maly rfo^e to- Tk* “»" »'to ,i,w b ob- 
through which, and perched on a cUffi overhanging the bral- 

takrf rf to „ KOT„’toprf keiglito tayorf Mid rimr. to tort 

^ bLd« togkSt.. M thoM ctoitoto* to ridge 

consisting ^ the wu-n about half way down the road or rather more, 

'"7 -W* Ijto .tot. « toged 

a &w largo bould^ of DMoladhte y conglomerate, and into which 

* to to»rf, toS^i^brf J'Jrt u 

M«SrJfiffi<K!toSSS tod. Mid I IMI .taM* «V. ktotoi Mill. M. 0 ^ 
oi to DWoUdkir gume. ooBtaBBiig mriomly i. to eyei of . goobgiiit mill 
SX. of totar»^m.MtM’whto.tori™ goto U «mT.tod Mrf .ta»m ttey 
ue wholly wanting. 

..SSSSfi^ *““'*'*“ rto.1r of MM^ If tot in girtk. Xki. bo^ b MI- 

SaXitoSlC^ Mtor^ me^. ^ 

for atme water-won*and rolled boulder it may he considered immense, the second to m 
' ' ' V, oloee on 12 feet. 


. Vta„ totodMtom toetoMto^i^^ 

. ^W^ .liM.«,»».|irf»; J«tWoMtolart|itod. 

teiiarfiK™li,Mail«<«MWtd ntaknto^ to »»*«t Ml or ^ 

.j<Staplitaer,ttatb. toW<if totedof tooU j^Mmn. «> •-to*** 

BtanMOtoTdi^jlWiittoA tarft mn rfto. to wtrat to. ««fley 

i* n S'SSta joto. w ta tobn H to .gpnitato 

.,.. 2^S!5 totoii.idt-to-fte W to to dMi InmgJim 

»« wiwwemvm, wp*..- 1 ?- , wyUir. bamming scaMOr aa wo aatond 




PAST 8.] , J%eohald: Indent Olaekn of ike Kdn^m IHeMcL 


to the inuttipdiate vkli^ of tiie hongllow, 8ti8, however, the d&k bungalow, or nthei^ 
porha|»1^^8ttUh%her Mbimm ehoieb, may be n^arded ae marking the higbeat level dE 
ghwier actions and to the aoUim at a very'early epoch of a gladev deecen^ag the course 
of what ia now a deep valley benea;Ui the d&k bungalow to the northi I am inclined to 
tefi»r the flat truncated ouUine of a hill which oon&onte the dlk bungalow at a nearly aimilar 
devatum in that diieotioii. 


Hie difficulty of always saMsfootodly ^termining the npper limita to whidi gladera 
have reached ariaee firom the paucity of moraine ddbris, and erratica in such aitoatione, espe¬ 
cially where the ground has been steeply carved out aa near E&ngra; whilst the precite lower 
limits of glacier eroshm are not uncommonly obscured by the subsidence in msM of the 
moraine, jpari patsu with the subsequent fluviaUle and non-glader eroaion which haa lat- 


The third division, of postglaoer erosion, calls for brief rnnark. Its uea is freely oov^ed 
by moraine ddbrie and erratics, whiob, in the case of die large fragments, have simply 
subsided pari patsu with that denndatum which has removed the base whereon they rested. 
A very neat illustration this proeesa ia seen in the bed of the stream beneath the road 
near the dAk bungabw. The river takea a sharp bend round a sort of promontory sharply 
out out of the old plateau in which the present river haa excavated its bed, and above which 
the old glaciers passed at a higher level. The true character of tiie linw trains of boulders 
here seen, and die fact that they are moraines subsided »» tiiu, are dearly shown. Thesq lines 
of boulders evidendy stretched down, quite urespeetive of the present river, over ground, 
now represented merdy by the narrow spit left by the river. <b this epit the bouldera axe 
seen to rest, and if it might be poseible for the etrram to have imimrted the linear arranga- 
ment to these trains of huge boulders, it is obvious^ beyond the power of water to have 
washed them np against the face of the spit in the manner in whicdi they occur. 


A few words may not here be out of place tondiing the views held by Dr. Falconer- 
Dr. rn irfr riT T oa the of causes which have acted towards the conservation 

lakes south of the HiBuOsTM. of lakes in the Alps, Mid the probable reason of the non- 

existence of any lakes of similar magnitude along the vastly more cdossal Himalayan range, 
where tiidr presence m%ht not unnaturally be looked for, on a scale of even greater mag¬ 
nitude than in the neighbourhood of ^ Alps; since the glacial phenomena previonsly 
desmbed by me go &r to invalidate the oonclusions which Dr. Falconer, in ignorance of the 
ibnu^ existence of the phenomena in question, was led to draw. Ihr. Faloonw, writing onihis 
subjed, r^ards the Alpine lakes (Falc. Paheont. IlMnoira, Vol. II, iiage OSl) as great 
fissures with rivers running into tl^m, which originated in dm process of devadon 
the whole dudn. Precisdy similax results in his opinion followed the elevation of the 
Himalayas, but in the Alps a gladal period supervened, whidtflUing. these ‘ fiswuws* or lalra 
basins with ice, prevented their beii^ dioked up with detritus, as would have h^pened 
under olimatal conditions. For India, on the Other kmd, ** these lake bwins were 
gradually, silted up by enormous boulders and alluvium of every kind,” sSuce in these 
” tropical xegloaB the ice never descended from thd highest mounrita down into the 
pluns.” 


Now, the condition of the K&ogra disfrift daifrif rendexsj^ aWe mew of Dr. Falconer 

unteaabH idace ft is abundait^y clW ^t gladets descend- 
^ Ttowof i».,w<ioii«aiiteii» . ^ ^ ragit», ^rexdn. m mij^,.eipeofc,, 

lakes to qpdrr, aid it is dear tiiat no materiel diffiwenoe ewiB^ hettsesn the Himalayaa 
the Alps, ftHtputa and dm former pxovdenoe of gladal conditions over both araaa^' 

Whether, at qny period lakes existed >fxfhia the Hiim^aa areip, oomparabte with thosl^:. 
bordering the Alps, may be allowed to femain m open ques^ vri^, I am not' diiii»6H«ed 
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to he aMwewd but wbether ihey ^ 

4.W r^— ero^n «rf ♦be liiw chanoeaB ^vejwng the drainage baniiM» 

fiiny adequate to aocdnnt fbr tbdr eidiaeqiient «B- 

open groiid of the Kdagra diatrict I have 

appeaaw^ termination of the glacial period aa npwarda of IW ^ 

W ^Twhioh we are called on to aamgn in the eaae of toe 

and toe aeen» to me no ^ Himalajan chain, ao that even had large lalcea 

«<»"g the main river valfiea anbaequent to the gladal peri<4 m queatipn, 

stisis ^ m-i™. ..j- iS-'iSSTLiiSr*' 

out to hmt, aa to aubject ia too large a one to be diacuaaed in a paper like the preaent. 

Period of glwW oonditiom In oicaotne fla with regard to to tertiary depoaits of 

Ktogia. 

the region. 

The gasat bulk of to tertiary depoaita of the K&ngra diatrict belonga 

divimon of Mr. Medlicott, approximating in age to to 
• Nahon gronp.' miooene of European geology. This group containa in addu 

eontontmmm. P«*,a«m. »d Bannn«.t. (. cor^-4 

snmUk gnmp. , evidence exiata, from contact, of to rda- 

- ., , . m . 4 .^ j 4 . 1 ,. eivaMk noun; but the evidence afforded by the fauna 

came aaaoeiation of «tinot typea with to precuraora of numeroua apeoiea of hvmg mammalia, 
as b seen in to ^oceoe depoaits of the Narhada valley. 

Witt iMorf to tie o«miii«m «t kImW phmomen* 

Witt reg»4 to ffi. o«»ne™ ^ ^ j ^ 

OUriidpiieaotaeiiaeaatof Kdngn. directed to the aubjeot vrill reveal an unexpe^a 

liountof evidenoe. wbich, if not ao obvious, vdll ^ found no lem 

slaved in KAngra. The scope of my ovro obaervabona only permits my *«p“E ^ „ 

Moniiiwei BBaapdr. , ^ ^ not now toeotly connected m 

but pmbaHy tomaported to th^ present poait^ 

.,. " .Si^fteeant ««*gontt>n. « !»»*«« 

tJLn Ul. >i 4 *e wlieh tt.t ta« »cl.ftt ?a»Tefe,« 

^ 4Mll ettitt * ■itoeier tato tte ^ 

SaOei'gbciirno'tengBr ■rmnaansr'btot to 

,, -totoMO. tteeto -.f rtitot ooto 
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l^morate, ^hudi Uiexdl^ didse tbe Satili|) ttid .wliidb may be seeo, amonf; other 
apote, At IKhur <ttl ferry on tb» Maadi and BUdapor road), at BUfispor, aad id Babhor, 
wbete the Satkij dowdies kito the IFiia 4dii<. . 

Approaching the Suilej from the direction of Mandi, when a little better than a mile 

n, „ i„, -- -- from the feny, the whole of the high ground behind the 

village of K&ngra ie ^ond eheeted over with beds of sandy 
grave! eviden^y ihe upper beds of a- thick deposit of either fluviatile or laouetruie origin, 
mantling round ^ hfUe of harsh Erol limestcme bounding the valley, which to a great extent 
it must have originally filled. On descending towards the river these sandy beds pve place 
to oomrse gravek, whidi etill lower down pass hito the coarsest boulder shingle, mainly com¬ 
posed of a Ghterogeneone mixture of Himalayan rocks, among which the Krol limestone of 
the ndghbouring hiUs is a prominent ingredient. Among the rest, scattered boulders of the 
porphyritio gniess of the Dh&oladh&r are semi, from their size of unquestionable glacier 
origin, and these may be traced as low as Dibur, of various dimensions up to 8 or 10 feet 
in girth, associated with jinmbers of boulders of nearly the same size of the hardest schistose 
and trappean roeke, from the region of the inner hills, and all at one time probably trans¬ 
ported to the vicinity by glacier agency. 

At Bii&spur in the bed of the river beneath the Bajah’s Garden, I remarked erratic 
XnattMatmuspor blocks of hard sohistose rocks from 12 to 16 feet in ^brtb. 


these can be traced I cannot say. 


but to what precise distsnoe down below the Gumber^mouth 


But what a vision of the past is not here raised by these simple boulders lying negFeoied 

in the river bank or used for the ignobte purpoee of oleaaa- 
ing the clothes of man’s emmet-like race. As there omi 
be little doubt that the gladal conditions to which these blocks testify, wme induced 
mainly by tiie simple elevation of the whole Himalajan area, so there can be equally 
little d,oabt that such elevation was effected without materially affecting the grander 
orographioal features of the country, and hence it comes that we must picture to ooreelves as 
the agent employed in thrir transport a mighty trunk glacier, dehouohing somewhere above 
Buhhor, after a course of some 860 miles, a apekaole unmatched for grandeur at the present 
day in the hjfftiest regions of either hemisphere. 

without pursuing farther all the arguments which might be addueed^ it will enffloe hMe 
to summarise the oonelueione which may be drawn from the gladal phenomena oi the 
EAogra district-^ 

That prior to the deposition of the Sivalik group, the whole Himalayan area stood 
at ap elevation not less than 12,000 fret and'perhaps 16,000 feet, higher than at present. 

2ft<f.'-*~That in consequence of this superior elevation, tiie whole of the Suh^Himalayan 
region north o^ the Duns (which had then no existence) exceeding 1,500 feet elevation, was 
Bul^eet to the incursion of gladers, which from the ^agmtttde of tiie drainage area whence 
they descended were of the most odoB^ proportions. 

' 8r<f.-»that the Sivalik period was maiked by a subddenoe of ihe whde Himalayan 
araa, a oo)rr«ffro"diog retrocosdon of gladal conditions, and a return, during the reign of the 
Sividik to conditions not very dissimUar to those now ohtfuning in the region. 


. hTom-HEhm are many features 1^ Mr. Theobald’s y^ ^amptiug tor miticV hisl; 

tbqy must be left to the intelligence of the readers. One omissioB he has made is opsn to 
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fdtttofol ill# more ttt, tm it Affords a most itastrncMve illostestion of wliat fiamtau to 

bmoniwi U Wf imUm stmnbling'bbN^ in geology, itivolTing, as it doee^ the ignoxteg, ghaiido»> 
meai^ of aoMi the invenion of the fondamental jiriiudiile of the selenee. The evil hidieated hb 
the Miitd a4oiiti<w* Qr'ap^eation, of the homotaxeoos method in the ohusiftcatioii and nometwila* 
twtot foematiaas. 

CHaoial phenomone, and the' g^ial^^poriod,* having been lately VFory pmmhMntly under 
ennioa, it iVUl astonish many that in a paper treating speciallj of the former enerdons extoision 
of the SUmalayan glaeier^ no mention should be made of l&e possible oonneetion of this fimt 
vrith *tbe ghwial period * t the sole cause asngned for the case of the 'Himahija being a siqaposed 
greater elevation «f from 12,000 to 16^000 feet. The local time asdgned ty tSr. Theobald for the 
Himalayan gladal period may be correct: thecas no donbt of its bang posterior tft the disturb* 
anee of the Hdhsa gronjv and to the excavation in it of the existing drainage system { and the 
reason given for its being anterior to the Sivalik group (as properly restricted by Kr. Tbeohsld) 
is at least plausible. Bat hero the fallacy steps in: the Sivalik formation is * pliocene *; the 
‘glacial period’ is 'post pliooene’; it is therefore needless to consider the relatim of the latter 
with the prepUoeene gladsl period of the Himalaya, as well attempt to identify it with oar 
Tololdr (pdtsosdc) gladal period. 

It is eno&gh to state the ease, to show the danger of it. Falssontolog^tB are catting them¬ 
selves adrift in loosening their bold upon the chain of physical ransation. Are they in a condition 
to say that even tiie Sivalik fauna (as restricted) eould not bo oontempoxaneons with the post- 
terii^M of Knrope, as is impUed in the above wgoment P 

It IS plain that the pomiblo, not to say junbable, connexion of the glacial penods here and 
in Enr^ offers ut incomparable means of fixing tho contomporanrify or correspondence of the 
extinct faunas of such distant regions. The importance of this possibilify will not be lost sight 
of.—- Bdixok. 


Ox TBB Buxldixo axp Obxahbxtai. Sicoxbs ov IxPXA, 6y Y. Ba(i., X. A., Qeologieyl 

Survey <f India. , * 

In tine yaar 2871i when at home on Imvve, mj friend Professor Hall, Dixeetor of the 
Geological Bnrvi^ of Ireland, informed me of his intention of bringing oat a work on Binum- 
rxo AX3> QKXAXXNiAb Stoxxs, utd invited my assutanoe in refenmoe to the portion of 
it treating of India. Fortunately my promise of assistance was made oonditionally npon 
my having Isiaoxe sufficient to hunt up all aviulahle authorities on the snl^eot, aa sinoe 18f 1 
up to the present time (April 1874), I have been almost constantly on the move^ and during 
the abort periods I have spent in Calontta my time has been taken up by other more preening 
■ocoopstions, so that I have Ibnnd it utterly imposrible to attempt to do anytixing like jusiioe 
to the subjeot. 

Profeaaor HuU'a hook having been publuhed in 1878, the present notei? are printed & 
tim JBeoofds aa an instalnumt what may hereafter be writinn. In a ooontiy coverhig 
bo larjgh Ah urea aa Indian and where^ in a^te of the oomparatively little nee made of stonea |n 
modem Briiiah huildings» bonding stonea have been empltyed for a Imig period of time 
hy the iiMMtivbh ample matsrial eiiale for a very much more extensive aeoonnt than tim jpre- 
bent, Imt hem i^mmprew the prindpatfimte within the limiiiavutiable 

IIk » 

jj^^UST Ml luCeMfOom to tiie.priltripBl oathoritim on the euhleBl^ tUe reader is 

il/l Mler details tium tiwte ii room for in the 
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• " * < ' 

•* 

Throtigtkoat tixe pubUo buildings wiUdi luiTe been erected under the 

a.»ib ^ 4°^ 'ri 

almost esmunvely of hrieks. In many oases the diffienity 
of ohtahiing a bdldia^ stone within an eai^ distanoe of the towns sitnsted in the sUasitd 
taU^, aii4 :^ ooniRderath)h of primary eoononay, hare led»tcr the employment of 

ptfishn^ hriohs instead of lasting stone in the oonstraptiion of onr offioers’ courts, private 
tasideaeesrfto. • 


Bven in parts of the country where good building stones are to be obtained, bricks ate 
often the only material legnlariy naed. 

' , . ■’ 

It is no doubt tbJs feature of Anglo-Indian arohiteoture which in part gave riee to the 

saying mat if the English left India, in a Oentury after their departnre no sign of their 
Oocnparion, save that afforded by a few empty beer botUee, wonld remain. 


Unfortunately the use of bricks cuinot be justified even by the appropriate oromamenttd 
aiohitBotanl nsqits Cram the om charaoiw of the results. UduxabiUty is sacrificed, wears 
of hrieks. justified in askiI^; if not for omamentsl stmotures at least 

fat buildings calculated to make this tiying climate somewhat m<»e endurabia But what do 
we find P To quote the words of Miyor (now Oolone^ Medley: '* Who does not know the scene 
of desolation that comes over one at first sight of some of our Indian oantonmentt: the straight 
and dusty roads, the rows of glaring white reotangulor barraoks, the bam-like church differing 
only from a barrack in the presence of a square tower and olassioal! portico, tiie Boman 
CMbolic Chapel ditto, only smaller and with bright green doom fdl round "P ^ agatliv *' It 
I be allowefi that the true principles of arcbiteotnml oonstraption for buildings in 
tlto east, which axe to be used by men babituatec^to an entirely different olimate, have not as yet 
biton discovered; a mosque, for instance, has a pleasant temperature both in winter and smnmer, 
white a Gothic church in India is, as a rule, rither very hot or very cold. I do not say that 
Gothic churches are unsuitable to India, but only that they are so as we ww liuad^lhom.”t 

Temples and houses bwlt in the native styW, though often somewhat riose and ih ven- 
Nstivs bnOdiBgs ratted to the titeted, «e generally oonridei»bIy c(K)ter than any SSorop^^ 

buildings. This is particularly ^me of the masrive stone 

strnotnres of the. north-west. 


In new countries, such as. Australia and America, the engineer or architect jften esperi- 
Bvideace of .dwrtiMty of meterisi enMs a difficulty in determining the dutahiUly of mnt^s 
hf native boUw^* which he may wish to emplc^r' Evdpoi m Sloghkod thii 

oulty is not unknown, as is evidenced by the fiulure of the stone nsed in the construot&m of ^ 
houses of Parliamenti but, in India, hi the oiviUzed parte, wherever l^aiiding matorial 
anoieat temples or otKei' native hnil^gs are almoet sure to he ^nd. These fttrnirii w ^ 
information which can be roqnired aetothedumbiUty Of thd stone w^ eaJOaeA te the 
atmos^ere. • # ■ 

a The other qualities in building stonesh-strength, ap|^emknee> ^ snieeptihi% for 
. ^ omamentol treatmisnt-^-««i:^'^b^ (tetegjpriilliefi V rin^ and 

Ollur ®I«U«W Sdatfe of speody allied tests} haVtl^ is no)mowh sp^ 

The presence or absence of certain ntiner^ or 

orivws^snfBciwt'to(^^^ 

Oms«ssr«riatmntioo* bemoreVtesB 

Hoftbestimei 



Whirii must the. 


bidld^^ rihioh: 








loo 
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With examples of stone work which range in age from before the Christian era np to 
modem timest the engineers and architects of India have an immense advantage over those of 
newer eoantries. 


It shbnld be sooxcely requisite to observe that the proof of a certain formation affording 
„ .good bnilding stone is not snfficent to jnstify the oonoliuion 

****** ********* that all the stone of that formation is equdly durable. Yet 

the passing of individual blocks of stone is under these circumstances, there is reason to 
believe, often performed in an imperfect manner. Cases might be quoted where ill-chosen 
stones have not proved equal to the work which might justly be expected from the material 
had a Uitlo care been used in the selection, and thus, too often, a material has received a bad 
name and evil reputation where in truth its qualities have not been put to a fur trial. 


Although locally, in the construction of bridges and other works where stone has been 
auiled stMte-worksH mere uoner- employed, vast numbers of coolies have been teained so as 
ousfonnerlj. become very fair stone-cutters, still the number of highly 

shilled artisans is probably less than it was in former times, when the inhabitants of almost 
evety district in India into which Aryans penetrated erected their temples of stone. In many 
oases these temples, to the present day, exhibit admirable workmanship in the most difficult 
materials. * 


To show how little has been done towards developing and rendering these resources of 
The bunding etone resources oi India available, it is only necessary to refer to the grim 
ittdis mOrreloped. advertismnents which duly meet our eyes in the newspapers, 

of tombstones of Aberdeen granite and Italian marble. 

In farther illustration of ibis, I inay*mention that at Baniganj, 120 miles inland 
from Calcutta, I have seen at the potteries enormous granite mill-stones for crushing quartz 
which had travelled probaUy 16,000 miles to their present destination, while within a radius 
of 20 miles several places could be indicated where stone suited to the purpose could be ob- 
tuned were quarries only opened up. 


Pracpect of fattne developmsnt. 


With increased ^oilities for carriage, by roll and canal, and with some modification of 

the troffitions in favor of Public Works Department biicks, 
we may yet look forward to a time when the splendid build¬ 
ing^ materials existing in India* will be brought into more general use fqr our public and 
private buildings. And we may thus yet hope to see structures of an ornamental and lasting 
character worthy of our position in this country. 


The order in which the several classes of materials are arranged in this paper is that 
foUowed by Professor £[aU<-» • 

I.—OSANtTIO AND GKEtSSOSB BoCKS. 

II.—BaSA&T AKD 

lII.-^BBPXfmira, PotstoiAs, akp Soafstonb. 
llr.—MABpiB. 

Vc-<^YBStrM ABD 4l^ABA8TBB. 

VI.— -OBKASCBBTAli SPOKBS. 

VII.(-Liiib8tokb8, Kttkxvb. 

Ylllr-SABPSTOBS^ QxrABIZITBS. 

IX-'-'LATBBna. 

Sk.*^tiTBS. k 


; hawtsuMv^Qia ths' Vtedhjrteit saA frera 'Ksrntt'ilov-llihognip^ puipMss 

^ sre uwdh>.tli* UvaideDor ttimMi ate »tUl> 
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I.-MSbarifr IRs Omian. 

• . 'it 

1 • ^ ' ' ' ' ’ 

Most of the 8(M»lled granite of India is a graniimd gneiss, a resultant of the oxoessiTe 
mettunorphism of sediAentavy rooks. To what exteht true ert^tiTe, igneous granite occurs 
in the peninsula is quite unknown. Oranite, which from its |ihysieal rdatipns'one may 
venture to conclude b of truly igneous and eruptive character, is not however absent. But, 
as a rule, the physical relations accompanying exposures of perfectly unloliatod granites in tho 
metamoiphio areas of India are not of a sufficiAitly definite chara^r to enable one to assert 
with confidence the nature of the origin of^those granites. There is no crucial test which 
can he applied to determine, this question. Even miorosoopical examination of the minerals 
is not now considered to afibrd in all cases an infallible guide. But even if it be» it is not 
of easy application, and cannot be made use of in the field. 

These remarks seem a necessary preface to the .following aoconnt, .as travellecs smd 
antiquarians, who have described buildings, have not often attempted to cliaracterise, more 
than by some very general term, such as granite or sandstone, the materials of which those 
buildings have been constructed. '* 

The metamorphic rocks oeonpy a very considerable area in India. 

East of a line drawn from Bot&sgarh on the Sdn throngh Umarkintak to Goa, the 
greater part of the country consists of metamorphic rocks. The younger rooks which do 
occur in that area ore for the most part limited to comparatively inconsiderable diasitie. 
Metamorphic rooks, not to mention small exposures within the limits of the great basaltic 
flows of Western India, also occur in Bandelkand, Each, the Gdro and Edsia Hills, 
and in the Himalayas. Whether these all belong to the same age or not is a question of 
much difficulty and uncertainty. The probability is that they do not. Litholo^oally there 
is sufficient geneidl resemblance to justify their being all classed togethor in this account. 

The varieties of materials suited to bnilding purposes are of course very numerous. 
There are those caused by structure and those due to composition. By the former character 
they are divisible into foliated and non-foliated. The simplest form of the latter is a Unary 
compound of quartz and felspar, or pegmatite, sometimes appearing as graphic granite. 
Then there are the ternary compounds, oonsistibg of the two minerals just mentioned, with 
the addition of mica, hornblende, or talc, which are known respectively as granite, syenite, 
and prCtogine. Varions modifioations of these four varieties are produced by the presence of 
foreign minerals, such as, oligoclase, schorl, garnet, epidot^ magnetic iron, Sta. 

As building stonte the dense crystalline unfoliated varieties ate the most durable. The 
presence of garnets or magnetic iron is likely to be detrimental, aa these minerals under the 
influence of the atmosphere are apt to disintegrate, and so iuar the appearance, if thqr do 
not ultimately endanger the stability, ojUtiie edifices in which stone containing them is 
employed. ^ ^ 

1 shall now endeavour to give some enumeration of the prinripal localities where these 
I'ocks' have been used fer the supply of building stones, and fkfint odt the^features of the 
principal examples. ''' '' ' 

In the alluvial tracts of Bengal mtcient bnUdings df siqhe are of most uncommon 
occurrehcc. Towards the west, howeyer, in the rocky diil^iricl^" and on their border^ evidence 
is not wanting that the art of working in stdne was piho&sw whenever the maleriil was 
available. In tiie Ganges dose to ColgAig fih«e are (MSTOral stnajl hills whuffi form idands 
in the prestet beduf the rivpr. ISwse hffla oMisMt ef timidw «f a tetf grey 

granite, wUch in olden times used appirentiiy to he teaoi^ imdepal the ccmstruc* 



Bamit af «« Oiolotiatl Sunif 

wliidiimp«^»#toff,wa8WWWm9Ted,aiida^cli^^ ; 

Ti mtoy tettple» ««> to be finmd in the conirtrnotion of ’ 


”“ ’^«.t«« auti»N4o« WrUion iTwT^ 

r s:.rr:s. ^ 

"******1!*^^ Hlllin Pe*»nnnah Ultee, in p“ri 

O. MJ.«.d..sWHilI. b tt. di-riot 0, 

to h«,« been, not to S2S? foltowing dimeiultons, 9' X ? 9“^ X S', which wonld 

then tb'htffis, 1 n 

M«to .”Sof.£^ ^ ft?*"”**"* *>' “* “T*”^ “■ 

weight of about 8 tons. V tf in those days." 

"firting them to h^nrJ^t of >v Snford pointed out several places where 

npeimtuna,orby8ayingt^,nndcafftolline rooks. But not much use 
In his report on the Nili^hin wn w pjhtained, which is split into posts 

!« luflurto b.M S»m Ih, rf Soaa»m luto 

»'W wiu. to Zd a. * 

hBTe Lin nn^ir^r . on»meirtal ptojM,^ J!'wf"' '» • palace at 

Mr. ICng instances the fol^ thegh.^.^^.^ 

Taigore, which measures “ the Barbw haUJn th* 

at Tamorii 

they kft the scaiiptar^a hsn;!, * **« ^hoi^ pat^^ ^ 


3 , wbioh is “ a 
harp as when 



il 


_ --sa^yont 

Potteras on which Las si 

“®“ ^ % Book Pagoda of T^! 
,,. %on at TriLor n,ear ir< 
V'? .-^-7, ’,rJy».,nearly eintykhiU™ fe'' 

"»™»drfV«isfSw 

l:_iii. ’ * a, '' ' 

Stoats U fine 

ia*^ i ' . ,i... ...ui' 







rings 

Ihese 

ntc^ 
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The aivstent Dniiil>-Hlce vemsittB <iailed Kax^lxkt riii^ Whi^ aare found in Tarious parts 
of TricBinopoli geamXfy emu&t of tei^It of gneiss. la parts of Chatio N&gpnr 

old of the Kois mi^ use gdeifs id the erectioa4>f. Menhers and Dolment. 

Sfut, at &e pre^sit day* ldie.,K!ols who emot such mena^fhiif the most part dweU 
part of the ootmtrj where flags of schirt and slate are really aoeeinble, and they therefore 
do not use gneiss. 

In Madras Mr. Foote mjs tiiat the h^ of very hcmihlendio gneias srtittilL ocear at 
Palaveram, Cnddapaty Choultry, and Futtandnlum are largely quarried for the manufacture 
of articles of domestic use as well as fi>r building purposes." 

Other Tarietiee in difierent localities in Madras ate mentioned} smne of these have been 
quarried to a considerable (stent. * 

Except for purely local purposes, the construction of bridges, Ac., where, upon econo* 
mical grounds, the rock nearest to hand has been made nse of, the varieties of granite, 
gneiss, Ac., on account of their hardness, have not commended themselves as building 
materials to English engineers. So far as 1 know, there are, throughout the country, no 
British buildings of importance, in the construction of which these materiajs have been 
used. ' ' 

OifasB ... ... MSm. QeoL Bnrr^ India, I, p. tt7. * 

Blanfoid, mighixil ... ...» » p. S4S. 

KIbg, TrichinopoU >** ft „ IV, p. 367. 

Foote, tfadrae ... ... ,, „ X, p. 181, 

H Balfour's Crclc^dia, Art. Granite. 


II.— 


Ttap .—Any one who has paid attention to the subject is pware that the greater part 
of Western India, the Dekan, and the Central Provinces is occupied hy a vast i^omulation 
of emptive rocks which are generally qpoken of as Dekan trap. From nqrth to south these 
rocks extend from a point 100 miles south of Gwalior to the vieiaity of Goa, and from west 
to east from Bombay to TJmerkdntak, tiius odkering an area of about l-6th of the peninsula, 
south of the Ganges. Boaghly estimated, we may put down tiia ana in which tirese nx^ 
prevail at 200,000 square miles. 


On the eastern side of the peninsula tbo, rocks, which, mthont going into dstails of tl^ 
mineral constituents, may he oonvententiy spoken of generioa^y as tarsp, ooeapy'« hy no 
means inconsiderable area, as in the Bajmeiml Hills. 


7 m 

From the evidence afforded by the sedppentaiy beds with which these'nwks occur in* 
terbedded, those in the west appear to be psikri^te to the close dl! the metibbacnts epoch, while 
those of the east (Bqjmdial) belong prohdbly to the jnreesie, ‘ * 

' ' 'M ■' A ", 

The whole of the trap rooks which mb uaed for bu|k^]^vpappo8es ,mb not, however, 
exdusively derived from the two ahove'ntea%ied sooroes. Ijjii^i|||ny ot^ the lec^is^ 
fomud^B in. India the trappean todp ocOnr as .these are bssall^ tmt, tn 

the older fltfmaticms, diorites prevul,,. 


In the Dekim and Bq)mtil|al',aireae, ^1^ rooks arq h^d^jti^llrther absent, gs t|M^ 
not only the sedimentary, intersicatM ^ks atx)ve also, on Iha ontskirts, 

the deeper valleys occasionally discdose, rocks of older foimitfik^ 
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Tb«fonii«v)M«»nKv^xMt^S^uim^ putposw,* wad lajs tlieirefore 

leM wwd 4 Ih|X> whidi, t^oogl^ soaiettniieif diffioolt (c> eut, u, if well ohoRm, BnuMt’doxftlte 
flwd is ‘ttdraowr eoseepOUe of mooli ddicate and artiotio traatment. 

. ' Aa Iw walaoipated in tli« Dekan axea, from'the enormoiM thiekoeu of iheae rocks 
wki^ OfleaTi tke Hthobgical varietilra tue oameroos. These varieties are dne both to cUlfer- 
enoes in minentl composition and degrees of compactness. 

With legwrd to the lelativs adaptability t^ building poiposes of the vations kinds of 
rock vrhioh are most oommonly met with, kb*. Hanford iwmaiksi **Noneo{ the beds 
containing seolites, interspersed in hregnlar strings and veins tiirongfaont the mass, are 
good^ They are too soft, brittle, and liable to decompose. None of the ash beds are equal 
in strength, toughness, or retistance to |he atmosphere to the solid basalts, and no rook 
of a red colour should ever be taken for building purposes. It is almost always decomposed. 
Amongst tha very best beds are the porphyritio basalts, such as those whi<di form so large a 
proportion tif the rocks on the ThuU Oh&t." 

* Hr, Bell says^The best I should consider to be the bluish'green basalt, which is very 
hard and heavy, havftig a specific gravity about 3*0, and which rings like a metal on being 

Probably the first use to which the trap rook was put in India was in the manufacture 
of stone implemente wr celts, of which spetimqp are occasionally found, in some cases far 
removed ftom the places where the rooks occur. 


To a very early period must be referred that form of architecture which consisted in 
hollowing out and sculpturing the rock s» aUu into temples and dwelling places, of which 
we have magnificent examples in the oaves of A^janta, Ellora, and Slephantiu These caves 
contain sculptures and inscriptions indicative of their Buddhistical or early Brahminical 
(»i^n. Several of these oaves are assigned to a pmiod from 200 to 150 years B. C. 

At Gya, according to General Cunningham* senne of the Buddhistical railt are made of 
basalt, others being of granite and sandstone. 


Coming down to a more recent period, we find on the eastern side of India trap from 
the B^mehal HiHs made use of for lintels and door posts in Hindu temples, and not unfiep- 
quently for the images contained inside. Trap used in this partial .manner may be seen |b 
many the old buildings in the vicinity of B^mehai and the rained city of Gaiir: occ^ 
rionally, too, in templM in the Bnrdwah Hstri^ The black marble of many writers is pro* 
faably only this materitiL When covered by tiie native offimngs of gheeixi is often, without 
doing what in the eight of the people would be regarded as desecration, impossible to make 

out material of the images axe made. 

Hi 

In toe famous Haek Pagoda at Pori tnp is said to have been muto used. This mate¬ 
rial was probalfiy derived ftom dykes in the metaanorphic rooks. 

I* 

Li toe llekan and furroundu^ kep cottniry this material has been used in tbs construe- 
of torts and native'buil^Qgs of various Icinds. 


One 5 ^ toe most Utorim m tmp is stated by Br. Balfour to be an unfinished 

tomb of'bne of toe Gwidior jwinoeilikt Poomi. 

•A ' ' . • 

ft has bem extowdv^ need to fbe constr^ bridges and stotions on the 

lijieeV^ Wbito knv^rse tooitt^ opun^, bpt f nndsrtoti4 ftiat from causes for 

whidb Htogrihm rather ^ Ihne shd workmanship, the work 




As csooptttai wtU t» fami oc^e4 os « fdUowiof >«g(i. 
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In tib^ oity o£ Bombay trap bas^eaik vitaSt to toma cwtent, but chie% in rabble masonry. 
All thd finer bmbUnge in Bombay ate omwteaoted of a Tevy different material, as will W 
mentioned in ita propmr plaee. 

Tbe principal use to which the trap rocka of the Biymt^ial Hills are at present pat is for 
the supply of Calcntta with road metid. 


B^ftrtneu. 

Building mi^erials, Bomlug lalud. Outer’s Otoologjr of Western India, BMatsfi P- MI* 
BoUdingstBixaln Westem India, Merevethar, Fcof. Papers of Ind. Kig^ Boorkee, Vol. VI, 1809, p. 134: 
GeologT of Bombay Island^ Wynne, Kem. Geid. 8wT.i Ind., V, 1861^ p. ITS. 

Geology' of Westem India, BIsnford, Mem. Geotj Burr., Ind., VI, 1888^ p. 878, 

Maeoniy in s trap oonutiy, H. BeU. Prol, Papera of Ind, Bng., Boorkee, Vol. 1,8ud Serica, 1871, p. 183. 


HI.-— Sbbfbktinb. 

Serpentine in sufiicimit qu^tity to be deserving of mention in this enumeration is of 
rare occurrence in India. In the sab>metamorphio rocks of Western Bengal, I have occa¬ 
sionally met with it in small quantities. In the district of Singhbhum, south ci the gtation 
of Chaibassa, it occurs in beds of a white limestone. ^ 

In the Madras presidency, in the eastern part of the Kadapa District, a beautiful ser- 
pentinons marble is said to occur, but it has not been much used hitherto. * 

Dykes of serpentine, possibly the result of alteration of some original igneous rock, 
occur most uncommonly in the tertia^ Safidstemes of the Andaman and Nicobar Islands. 
Some of tbe purer varieties might, if obtainable in large blocks, be used for ornamental 
purposes. A black variety streaked 'With green, which occurs at the head of Port Bhur, 
particularly attracted my atjuention. So far as I know, no attempt has been made to work it. 

Serpentine is said to be found in parts of Upper Burma, where it is worked and exported 
to China. 

Poistones. —Chloritic schists, passing, on the one hand, into talcose, and, on the other, 
into serpentinons rocks, occur not nncommooly in the snb-metmnorphic and spmewhat less 
frequently in the metamorphio series. 

In buildings the varieties of this material have only been used on a small, scale for 
ornamental purposes, for which some of them, as being tough and at the same time easily 
carved, are partienlarly suited. More extensively they are used in the manufacture of altars> 
idols, plates and howls. 

In the sonthem part of M&nbbum,*on the frontiers of Singhbhum, there are. numerous 
workings, which generally take the form tA narrow mines which are deserted during 
the rains. From these mines a considerable quantity of stone is annually extracted; the 
blocks ate roughly dressed td the shape required, he it for IiiHgam, plate or bowl. They are 
then fixed in a mde lathe and out into fbrm and given a smooth surfiKse. When finbhed, 
they' are carted off to Burdwan, where they are In gtoat demand, ttnd a portion are sent on to 
Cslontta for sale. 

In the neighbonthood of Oya too, there ate many large mini^ and quarries of this stoue, 
which supply a considerable frade in idols and utonmls. 

One class of the varieties used stands fire well, wbile.tiie otiwr. does not. The former is 
of course the most esteemed by the natives. Tn>e oraricing of the latter is probably due to 
the water of combination in the mute riiloritic varuties, which becomes released on the nppli- 
cation of heat. ^ • 
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In auoy of meient temples in Chutie NAgpnr images made from this m^rial are 
sot nnc^miomily meii sri&. * 

TOie 'belniMfallj sculptured doorways of the Black Pagoda near Pori are of this material, 
width was ptohahly obtained from the Ki^hiri Hilis in Onssa. 

In some of the mote finished temples at Bobaneewar there are Uirge well pobsbed and 
Ugbly scnlptnied slabs of potstone let into the walls. (Stirling). 

In parts of Trichinopoli these rocks axe applied to similar purposes. 

Soapstone.—The very beautiful steatitic material so much used for delicate carvings in 
Agra, though generioally related to the rocks mentioned under the above bead, seems deserving 
of separate notice in this enumeration. 

This rock is obtained in the territories of the Bgja of ^aipdr. In Agra it b chiefly used 
in the manu|hotui« of email ornamental articles, but has not yet entered into use as a 
material for architectural decoration, altiiongh it is admirably suited to the purpose. 

Htfermet. 

JCcfite-Oii tbs Stone IndnstrioB of Agn. 


lY.—MaaniiB. 

llarble in India b better known from its great beauty in the few places where it docs 
occur and its successful employment in the ornamental architecture of some of the citiw of 
North-Wratern India, Bajpntana, Gnaerat, and a few other places, than from being gen¬ 
erally, dbtiibuted tiironghout the country. 

The Taj at Agra which wae erected by the Emperor Jebangir, to the memory of his 
favorite wife Nur Jehan, b built of poliidied white marbb, and b by many competent 
anthorities considered to be one cS. the most beautiful and perfect structures in the world. 

The material for thb glorious monument, as well as for many others, was obtained in 
the Jaipdr territories. 

But the special purpose to .which the marble of Jaipiir has been pnt, and for which it b 
so admirably suited, b the manufacture of soreeiu, the delicacy of the tracery on which can 
in many cases be only omnpared with lace... Thb work b known by the name J" %lee. Besides 
marble, sandstone b sometimes, however, employed for thb purpose, as the following descrip¬ 
tion by Mr. Keene will ahow_; " It b a fine filagree of marble or sandstone fretted into 
an almost endless net-work of geometrical combinations, snob as can only be understood by 
seeing the carvings themselves or good photographs of them.” 

In the ojumon of Mr. Fergnsson, the Jalee work of Ahmedabad in Guserat is still 
finer; hut the style of, the two b quite different. 

According to Mr. Keene, the finest example of tins form sgrf work to be met with in 
Nosihfm Intfia is the followingf he says* “But bU the marble-work of thb region 
b gwpasied by the monument which Akher erected ov« the remains of bb friend and 
<I^BeQor Shekh Solemn Ohbtee at Fatipdr Sikri (1681 A. D.). In the norpi- 
western of ,a ▼Wt courtyard 433 feet by 366 feet b- a pavilion externally of white 

4*^p9ton®» ^ white rharhle abo, supported by 
maxble by most fehtastio brackets shined like the letter S. Ihe outer 

that they^ actually febk Uke lace «t a littie dbtanoei and 
‘a.Wron*l^'i<&amher wifchin.^withA solemn h^-light wbhffx resembles nothing 

thb elhlxwaie woih, iachiding the. idcange but moat 
.’.f!':pl^ng design tib;|Bp«AetSi, appears to have been p^uced by the resident stone-onttere 





PART 3.3 


BaU: and Omamenial Stonet of India. 


lOf 




of the pla^o—unedttoftted men eainuag an amage wage of about a pecny a day. 

I believe that no instance of snob poM patient wotlrmanship, ao dignified, yet so Taiions, is 
to be found in the world.” In a 7ery beautifully iUustnded Work on the Arohiteptnre of 
Ahmedabad by Mr. T. C. Hope, u. c. e., with anhiteotnral notes by James Feigusson, 
photographs illustn^ve of tins work and of buildings in sandstone will be found; many 
of these buildings are oomparatively modem, and some are quite recent. It would appear 
that the art of working in these materials has been more fuitty conserved in Guzerat than 
in any other part of India. But it has been by no means lost or even discontinued, though 
it is not extensively practised now in the northern cities. 

I am informed by my friend Mr. Haoketsthat at Itialo in Jaipdr the JaUe is still made, 
and that the traceries in it are as delicate as any which are to be seen in the 1^. Other 
quarries near Jaipdr are. also in operation. Im the ” Hand Book of the economic products 
of the Fonjab,” by Mr. Baden H. Powell, there ^ a list of marbles of which the following 
are the principal: (1) an inferior marble which, however, takes a good polish'&om Harnol, 
in the Pattiala territory *, (2) grey marble from Bhunsi; (3) black marble from Kashmir; (4) 
•white and veined marble from Sardi in Jhelum; (6) yellow marble from Manmri, Yasufzai. 

In the Narbada valley, the marble rocks, justly famous for the excessive beauty of the 
deep gorge cut through them by the river, consist of a tolerably pure white saccharine 
limestone. This is the strongest local development of the calcareous element which occurs 
with the schists in the Bijour series of rooks. ^ 

The marble, except locally in some of the temples, has not been used for building 
purposes. It is much jointed on the surface, and has been a good deal crushed by tilting 
into the present vertical position of its beds and by the trap dykes which traverse it. 
But it seems probable that large blocks might be extracted, and it is possible that portions 
might be obtidned of sufficiently fine quality for statuary purposes,* but 1 am not aware of 
any attempt having been made to use it in this way. 

1 must add, however, that according to Dr. Balfour’s Cydopcedia, a block sent to the 
Paris exhibition of 1856 (P) was pronounced to be equal to Italian marble for statuary 
purposes. ^ 

Several localities in Bengal might be mentioned, where more or less pure crystalline 
limestones occur, but these are not of much economic importance. Silica, tremolite, and 
serpentine are the chief foreign minerals which occur in these crystalline caloueous rocks. 

* In his work on building stones, Mr. Hull mentions amor^ other looalities Syepore, Gya, 
and Durha in Bengal as localities where marble occurs in Indid. The name Syepore (whence 
the mineral called Syeporite) has its origin in a clerioal error, and the names should sttmd 
as Jalpore or Jaipdr, as it is now spelt, and Jaipfirite. I am not aware of any marble being 
found at or near Gya, though the black basalt used in the temples there may veiTy possibly 
have been so called by some visitor or antiquarian. As for Durha 1 am quite unable to trace 
any place bearing the name in Bengal proper. PcssiMy it may be Dura, near Bhuripdr, in 
the Agra district of the North-Western Provinces. If so, the marble in use there probably 
comes from Jaipdr. 

In the in,aaia mila it is said that mudi of the nummulitic limestone would produce 
most durable and occasionally vary hmdsomely vrined mudde. It would answer wdl for 
ordinary purposes, chimney-pieces, slabs for tables, garden eents, and for flooring tiki. 

In Southern India there are several well known locaUtiM w^ere more or less omwnental 
and durable marUes are obtained; sarnies of these haye been ftom time to time collected. 


* Borne parts are obriowdy too aUMoui WteeBSnplved. 
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pdiulibd and edul^ted both in Hadm uid Snrope; fftTorsble n^rU hare been pabUehed, 
and Matter haa been allowed to teat.* ‘ * 

In tbe !Fklnad, acobrding to Mr. Eing, tbere are some partactthudj well colored mublea. 
1%«te are also bteooia beds of rarioaa oolota ** in tixe weatem eoarpa of tbe JarnmnlmndgooB 
and tbe bottom of the alatea in tbe Cbay-air field.'* Dr. Balfinir deaoribea the marbles of the 
Kadapa Disfriot as being of rariotu ahadea of green. 

At Coimbatore, according to Mr. H. Blanford, there axe oiystalline limestones " snaoep* 
tible of a high polish, and reiy transparent, which wonld afford a very beantifal material 
ibr internal decorations, the effect of which wonld be enhanced by the jndioioas selection 
of slabs of various tints.. Fink and grey, ocoallonally approaching white, are tbe prevailing 
odors of Jibe stone." 

In Burma, for statuary purposes, marb^ is largely employed. The material for the 
well known sitting and recumbent figure# of Gaudama is said to be obtained dbieSy from 
the Tsygeh Hills near the village of Mowe in the district of Madeya. 

XtfinnMt. 

Medlioott, X—Nerbodds ... H«m. Qeol. Surr., Tndis. 11, p. 18S. 

• Oldtani. T.-KharisHins ... „ I, p. 185. 

BlBnford.->^lmbston ... „ „ j, p. tun. 

King, W.~1Mi!biBopoU sad Ksdspa „ „ IV, p. 370, a TIU; 889. 

Keene.—Agror—Stone Industries of Agn. 

* PomU, B. H.—Pnnjab—Pni^lnb Prodnete. 

Bslfonr.—Hadras, So., Art. Marble—Cxdopodia. 

• V.—Gtpsum. 

As a building stone gypsum has been vmy little need in India. To some small extent 
it is manufactured locaBy, where it occurs, into ornaments, and is occasionally employed for 
mixing with lime to prodnoo a hard and shining surface on ohunam work. The manu&oture 
of plaster of Faria firmn calcined gypsum appears to be unpraorised by and unknown to the 
natives. 

Gypsum in ^uantiries of importanoe apd deserving of notice is found only, so far as 
1 know, in'^tbe Salt Bange in tiie Punjab, parts of the Lower Himalayas, Spiti, Each, 
and Madras. 

Its manner of ocoorvence at these various localities varies much. 

In the Salt Bange, aooording to Dr. Fl^ng,t gypsum ooouza scattered in irregular ^da 
end huge mass throug^ut tiie marl in which rodk-aalt also occurs. It is " for the most part 
of a light gx^ color, kBIi a shade of blue uid translaoent on the edges. It has a saoebarine 
appearance, but xomMb ui whidb a coarse crystalline sbrnoture pievaila are by no "muaia. 
uncommon. varietiM tdso ooonr, and beds of a dark grey eartby gypsum axe generally 
asBQoiated with eaoidiarine kind." 

It is said to bevel^abandantatBindDadmiEhan. It also ooeurs at Mari, Ealabagb, 
and Snrdi, where it eontirina quartaHuystals. of varions colouis, which are known as Mari 
diamonds, and ate muoh^iMl by the nativea for neoUaces, Ac. The marl on Mount ICuringU 
b also said to ocmtida abv^dance od gypsum. 

Ih?. HenuBg BUggeated tbe gypaum of Find Dadm Ehan being made use of by the 
Xhiblio Walks 

'. The Msii lh i^t^ ilhis gypanm' ocettira ie oooaidered.to be of atluxiaB age. 

AmniUag to Mr. :|ii&*aj(^l4cea«Uat aent to tbs gnat axUUtlm la 1861 von fbnambli' 

npw as ladlMMsI dr e:»slnsMs aaBo^ adapM to sBa^tanl saA omaBuottf 

' ■ \ # dtoWRr |A Bwt. IMegSl,'tia?, 1^ 
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In ISx, IfedUoott's nooonnt of the Snb-BimalaTim roeka of North-Western India* he 
states Idiat gypsnm oeonzs in sevasl ports of. the distrii^; it is loond in lumps in the ferrngi- 
nous clajs of the Subathn gtonp, «n^ at Sabansadhara, below Masnri, it oocura in small 
irregular mns tbrongh limestone* 

3fr. Walle t has desoiibed the deposits of gypsum in the Spiti vall^. He believes them 
to be derived from thermal springs, as the masses occur at all levels unstratified and amor¬ 
phous, and -what is more to the point, the thermal springs are at present depositing gypsum 
with the carbonate of lime. The origin is traced to chemical reaction betweenf iron pyrites 
and carbonate of lime, the former abounding in the underlying bltusk slates. 

Mr. MaHet concludes his- observations thus:- **The compact unaltered portions of the 
gypsum are of a snowy whiteness, and would form a beautiful material fiir ornamental pur¬ 
poses. All of it, from its apparent purity and freedom from iron, &o., might be manufac¬ 
tured intodirery superior plaster of Paris. One. fatal bar, however, exists to its economic 
employment, namely, the mountain carriage across the entire breadth of the Himalayas." 

In Kach Mr. Wynne} repmrts the existence of gypseous shales below the regular 
nummulitic beds; but the deposit of gypsum appears to be inoonriderable there. 

In Madras gypsum occurs in several places. "It is most abundant in the Qotatoor beds 
(cretaceous), espedally in the belemnite clays to the east of Ootatoor and in the unfossiliferous 
clay to the north-east of Muravnttoor.§ 

It might be obtained in any quantify for ordinary purposes, such as moulds; but for 
casts it is generally too impure; however, selected portions, chiefly in the fbrm of transparent 
plate! of selenite, would answer for a small demand for the latter purpose. 

Dr. Balfour, in his (fydopcedia, besides the above, alsor enumerates the followlhg localities. 
The Chinglepnt District, Sadras, Ennore, the Bed Hills, Nellore, Masulipatam, and Bangalore. 

Gfypsum is used by the natives medicinally, and can be obtained in most bazars in small 
quantities. 

VI.—Ornamcehiai. Stones. 


The use of ornamental stones in buildings in Indui» either in the way of tnosaic or on a 
larger scale, has^not been much practised latterly. 

Probably tbe finest extant example is afforded by the inhdd work in the Taj at Agra. 
The following is a list of the stones nsed tiiere as ascertained by Dr. Voysey 


, a 

Name. 

Lapis Itszali 
Jasper 

Heliotrope ... 

Cbalcedon Agate ... 

Chalcedony 

^Cornelian 

Sarde ••• ^ ••• 

Plasma, or Quartz and Chlonte... 
Yellow and striped marble 
Olay date ••• 

Nephrite or Jade ... ... 


Jjoeedity. 

Ceylon and Thibet. 

Basaltic tirap of Hindustan. 

Basaltic t^p of Hindustan. 

Basaltic trap of Hindustan; also from 
Sons and Narbada. 

Boealt of Dekan. 

Guzerat. 

, P , 

f 


* Him. Gecl. tor, Inffla, VCL HI, jp. IW, ' 
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Hie lolblNriiig ipasmge ivffl give some idee the elaborate efaaraeier of the|^ mosaics: 

iiiiglo' fimselr in tiie screen atround the tombs, or Sarcophagi, oontams a hOndred stones, 
moh cttt to fbe' exact shape necessuy, tod hi^ljr pcdished; and in the interior ahme of the 
baQding, there are eererel hnndred flowers, each containing a Uke nnmber of stones.” 

Tn Various parts of the basaltic areas of India varieties of agates jasper oconr in 
btosidersible abundance, and ate coUeeted and sold to lapidaries, who cnt them into nsefol 
tod omamtotal articles; but they are not mneh need for mural decoration or mosaics at the 
present day. In the valley of the Narbada and Sone such pebbles are ibund somewhat 
almndantiy. I believe there is no case of the original matrix, the basalt, worhed for 
them, but the gtavdly beds of some of the tertiary rooks, which consist mainly of ddbris 
from the Imsalt, are mined in several places. In Western India the mines at Buttunpur, east 
of Broach, are the prindpaU The stones found there are sdd to the lapidaries of Cambay and 
Jabalpdr. ^ 

In the Bqmehal Hills very beantiM agates, common opal, and other varieties of s ilica 
are abundant, Imt are not, so &r as I know, aongfat ^ter or «n llf>ct fid . 

At Vellnm, in Triohinopoli, some tertiary grits contain pebbles of rock crystal, smoky 
qnarta, cairngorm and amethyst^ whioh are eat by the local lapidi^es. 

Voywy, AsWlo BSMUf^es, Vol. XV, p. to. 

Blanford, Hem. GeoL Sure., India, Vol. VI, p. SIS. 

Mem. Geol. Smrv, Indie, Vid. IV. p. 870. 

Keene on the Stone.lhdnitideB of Agn, 1878. 


TII.-^LiMBstDiri. 


Under the head of Mabbib I have sqiarately desmbed those varieties of limestone 
whioh, from their oiystaUine structure and ornamental appearance, are entitled to be ao 
d^cnified. In the present section I shall confine myself to an account of the chiefly, but not 
exclusively non*cry8talline varieties whitii are used or are available for use as building 
materials or for the manufacture of lime. 


By far the most important deposits of rock limestone in the northern portion of the 
peninsula of India are those which oconr in the Tindhyan series. In the lower Yindhyans 
bccuxa a gronp of thip-hedded limestones whioh in the places where they are best Socposed 
have a total of several hundred feet in tbidmess. At Botibgarh it is chiefly quarried for 
humix^. It is bronght down the Sone in boats and into the flangwa, by which it is 
distributed over a cmudderahle area oi country. When the Sone oBhal is opened this trade 
wai probably become more regular, and it is pMsible that Calcutta may bo supplied from this 
iNQnmoe, a conti^eiicy much to be desired in view of the great expense of SyUiet Hme^ rihich 
is that whi(h ia principally used at present. 

Attention has been drawn to this limimtone too as being, within a reasonable distance, 
thB 4!^ sootos of amaterial of steady, knoira oompontion aq^ble of afig iding a suitable 
flux fl>r Wlflo^ent in the proposed ixoin<wUrks in the countiy* 

^^®j^,|*;®®®titoed, however, ttai the steady oompodtion can only be depend^ on 
in in^vij^ pnqportitom associated aigillaoeoas matter varies in sitoosasive 

- west as the neighhourltood of Eiatai on the JaMpdr 

p^l-'Sh ,.^|S^,i|[aaii!xies have been hpeoed where the. Jahalp% railway orosaes the 
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Higher in the Vtndbjea series the Bindiibr group ip^odee a limestoae which is not only 
used asra source of UBie» hut as ft bidUh^ stonu ui the Hamoh disia^icti where it is preferred 
to the j.ower sandstone t the same is smd to be the owe in the vibiiiity of Nimach. 

^me of this stone was reported on farorahlty for lithographio purposes, hut it has never 
come into use. « • 

In sereral parts of Bengal oeonpied by the metamorphic roeks limestones occur, hut 
they are in general too much impregnated with foreign minerais to be use either as build< 
ing stones or as. sources of lime. 

In the neighbourhood of the Xh&si Hills the 80 «called Sylhet limestone is extensively 
manufactured into lime for the Calentta maricet. The prindpsl foctories are at Ch&t^ and 
Sonamganj, and along the banks of the river Sdrma between these two villages. The 
quarries are “ near the village of Tnngwu or Tingye, foom which the stone is brought to the 
neighbourhbod of Pondua and to Oh&tak. Other very large quarries are in the vicinity of 
the gpreat orange groves between Teria«ghftt and Lao&t, from which also the stone ui con* 
veyed to Ch&tak for burning.” This limestone is of nnmmulitio age. 

Under the head of marble will be found a notice of the portions of it which come 
under that denomination. How far it has been osed as a building stone, locally, I have no 
information, but there is no reason to donht that good building stone could bo obtained. 

In Westem India limestones occur in tbe metamorphic and the Bijonr series; they 
are, however, usually too silidons to be employed in the manufooture of lime, tuid*I can 
find no notice of their being employed as building stones; but some of the highly calcareous 
B&gh beds and the nummnlitic Umestones of Quzerat are used to a certmn extent. Regard* 
ing the latter, Mr. W. T. Blanford says: “ It is difficult to obtain it in large masses, or to 
trim it neatly. It is employed by the natives for bowries, temples, &o., other compact calca> 
reous beds being used for the same purpose.” 

In the north-west of India the limestones of the Lower Himalayas are, some of them, 
applicable to building purposes, and “some fit for omameutai or monumental purposes 
might be found among the thick-bedded, hard limestones of the Erol group." 

llie lime in this area is chiefly made from a porous tufa, which occurs along the flanks of 
the limestone ridges. 

In Southern India limestones of at least three distinct geological periods are used as 
building stones. The oldest of these are the crystalline limestones of the metamorphic 
series. At Coimbatore there is a limestone belonging to this series which has attracted some 
attention, as it w-onld make a good building stone as well as bring a source of lime; while 
portions are highly ornamental, as is mentioned under the head of marble. This limestone 
is described by Mr. Blanford in the Memoirs of the Geologloal Survey, aud at greater length 
in tiie Madras Journal of Science. Kr. King also, in his Geology of Tririiinopdli, mentions 
this rock and gives some additional localities. He states thi^ it has been used as a building 
stone in connection with the Madras and Beypdr railway, and has ^ven complete satisfoction. 

The two series of metamorphosed rocks ocouning in Southern India, and which are 
known by tiie names Kadapa and Kwmfil, each contrin limestones. Per building pur* 
poses those of the latter seem to be the most important. The Kamfil series belongs, it 
is considered, to the same general as tite Yindhyah of IhsT northern parte of India. 
Mr. King remarks in reference to thesei rocks. ** The limsstonei, where they are at hand, have 
bear laigriy used by the people of the country, the larger viUages in the Khoond-air valley 
having their better houses built of weU-s(^ted and dressed Nergee beds, while the wells 
of the Kadspa and ^is valley are all lined with thia st<^” sMr. King antiripates that the 
railway and canals will tend to develope the use of these nuOding materials; 
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Tkcm arc at^ to be mentioned the iimestones of eretaoeons age which ocoor in South' 
em In^ Theee are of two kinds, one being purely iiediinentary, the other denved from 
coral re^. A* building stoneB they are somewhat extensively used by ilie natives, but, 
according to Mr. H. Blanford, ** wre ill qualified for exposdd extoriom, where ^ey rapidly 
yield to heavy tropical.rains." 

Ob the Tlndhyaa leriee, Menu Oeol. Sorr., India, VII, p. lia 
Xhdd HtUi, Hem. OeoL 8ntv« India, I, p. ISl. 

I.ewer Himalagra, Hem. GeoL Burr., India, III, p. ITS, 

Western In^ Hem. GeoL Sorr., India, VI, p. SSO. 

Bonthera India, Nilsl^ fiOlIs, Hem. Geol. Bur., India, IV, p. a04, and 1, p. 2M. 
Tilehinopali and KamlU, Hem. GeoL 8uv„ lndU^ IV, p. 870. and Vlll, p. sss. 

POBSBUSDBB StONB OB MlBIOUTB. 

The name miliidite was given by Dr. Carter to a rock which is found in the neigh¬ 
bourhood of Porebunder in Guaeiat. Though somewhat oolitio in stmoture, it is not of 
oolitic age, and therefore the above name was given to distingoish it. 

It is considered to be of newer tertiaiy, probably pliocene age. In Guzerat its greatest 
development^ in the Gir Hills, where, as also in some of the valleys, it rests upon an 
arenaceous day. It is a wide spread deposit, and is said to occur on parts of the coast of 
Arabia and in Kach.* 

As it appears in Guzerat it is a somewhat coarse calcareous grit, abounding in forami- 
nifera towards the west, but containing fewer organisms, and being more argillaceous 
towards the east. As a building stone it is admirably suited to many purposes, but is said 
to be incapable of sustaining great pressure. It is largely quarried about twelve miles 
from Porebunder, from whence it is shipped to Bombay and other places. 

In Bombay it has been largely used for building purposes, more particularly in the 
construction of the recently erected Government buildings. 

Btfireneei. 

QtxAogj of WMtera InUia. 

tt Gtuont. U. 8. 

Ksoh, Hem. QeoL Barr., India, IX. p. SI. 

... Cjclopcedta. 

... Bnilc^ stone in Western India, P. P. ef I. E., VI, isee, p. 137. 
EuBKUB OB Gvtik. 

The oalcareonfrconoietions which occur in the allnyial days, and which are known under 
one or other of the above naides, odoupy a very important position as a building tnatAinal, 
being in very many parts of the country the only eonroe 4^ lime. In addition to this, some 
of the more massive vadeties axe tu^ as building stones in puts of India as in the Central 
Doab. 

In the bridges ma the Gangea Oanai between Bddd and the Nandn Fork block 
kunkur baa. been larg^^ employed, except for the ardiwork. In the case of the Eadmpdr 
bridge the eddemal the aiashes themsdves bav^ however, been made of this mafawfil. 

In dto'Viehdty.of ^saection of the canal the blodr kunkur is readSy {exKuraUe. 

BhHh ktmintr was hIm much uaai Ih jtbe bridges on the Fatdigaih and Eoel branches 
of. the ; B is thus deserib^ 1^ Odond fiffir Proby T. Cautl^: “ In extreme^ 

t^ Btofmx]usyhdd«anir{yM, initBinoBtperfr^ B"^y senhorystalline rock, tough, 

' , - — .—:-:- 

wdt, iiii4;;hu been ^|pi«seatDjaipw»enttlMmiHolUe, iaecewdBvtoHr. Wynne, dsreid of 
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with occaaion^ amygdahnicLBl at Lnregulaily tthiq^ hcdlowa, disponed through its mass, the 
hdlows'heiug filled with earth. In its most in^rfect state (I aUude simply to the block 
kunkor which is available for bnildhig porposn) these hollows are more numerous, and they 
give to the rook a honeyeombed ^peazatioe to whidt I have before adverted. It is found 
in extensive tabular masses or strata (generally aooompanibd by sand), the upper and lower 
sides of which are slaty and apparently imperfectly indurated; the induration, in fact, 
increases towards the centra where it is frequently of the hardest description of the newest 
lime rooks, and of a oxystalline diameter.” 

Owing to the honeycombed surface of the stone, it was found necessary to protect it by 
stucco from the direct action of the water and of the atmosphere. This rook has also been 
used, where rea^y obtainable, in the construction of buildings connected with the railroad. 

Hook kunkur, similar to the above, is obtained in parts of the Jamna below the ordi¬ 
nary water levd. Its more common form is in nodules, and in this form its occurrence is 
BO. general throughout alluvial soils in India wherever th^ exist that it were useless to 
attnnpt to indicate its geographical distribution, in detail. 

The better quaUtdes of kunkur contain 70 per cent, of carbonate of lime; from this down¬ 
wards the proportion constantly varies with the amount of clay or sand which isdaken up. * 

Besides its usual employment for mortar, it is, when burnt and powdered without 
slaking, an excellent material for hydraulic cement. To this pntpose of course only certain 
varieties are applicable. * 

yiII.-^AKINIT0XrB8. 

Several of the recognised formations in India afford sandstones admirably suited for 
building, and some of them have from xety early times been Hargely drawn upon for the 
supply of materials for this purpose. 

Among these formations the great Yindhyan series stands pre-eminent.' The difficulty 
in writing of the uses to which these rocks have been put is not in finding examples, but in 
selecting from the numerous ancient and modem buildings which crowd the cities of the 
North-Western Provinces and the Gangetio valley genercdly, and in which the stone-cutter’s 
art often appears in its highest perfection. 

The Lower Yindhyans,* consisting for the most part of shales and more or less flaggy 
limestones, and from the inaccessible position of the rooks in some of the prindpal places where 
they occur, as in the S6n valley and Bandelkand, have hot been worked to any great extent. 

The Kaimdrs, however, have been worked extensivdy at (^unfir, Mirzapdr, and Fortfib- 
pur, as well as at minor intermediate pdnts. The sandstofils are in general fine-gwned 
and of reddish-yeUow or greyish-wli;||^ colors. They occur in beds which are said to^vary 
in thickness—at Purt&bpdr and similarly elsewhere, from 6 inches to 8 feet. These beds often 
spread for long distances without any joints or fissures to break the continutfy^ in conse¬ 
quence of which very large blocks can and have been extracted tor mrious puipostl., 

In the Biwa group, overlying the Kaimdrs, the sandstones aase not so much used tor 
building purposes. 

” This is due partly to the beds being frequ|ntly coarse wad l^h, ahd greatly subject to 
false biding; partly te the tort that the fiiwas dh not ooeor to the Gangetio valley 

or to luge oitiu. Some portions aip, however, oi superior qmdity, and snpply all loodl wants.” , 

Above the Biwaa come the Lower Banddrs, which me described as being, for tire most 
pi^ coarse, harsh, and gritty, and occurring, only in thin b^. 


* Tbe feUowiog psrtloalMa ste takeu fTito Ifir. KsUst’a Memoir. 



114 


[voL. m. 


Records qf the Geological Survey of India. 

Upper Band^ie, however, make ap for the defidencies of the anderlyieg group by 
affording two varieties of excellent building stone, one daik^re^ sometimes quitd nnspotted, 
Bometimm stnaked and dashed with yeUowidi<white qiots. 

the otiier is a yellowish*white, very fine grained roek, perfectly homogeneous both in 
texture and colour. ' 

the latter is said to he, on the whole, the better building stone on account its more 
UBjtfonn coloring and its bdng not so liable to didntegration from the efiects of long con* ' 
tiinued exposure. 

Probably the earliest nse to which any of the rocks of the Yindhyan formation were 
put Hb was in the manufacture of stone implements, many of which, formed of the denser 
indurated varieties of sandstone, have been found in India. 

So far as I have been able to ascertain there are no cave temples, or at least none of 
much note in the Yindhyan sandstones. But there are memorials of a very difEbrent class, 
many of which date from a period before which the idea of using stone in tiie construction of v 
booses had not been entertmned. A.t any rate, there are no buildings or remains of buildings 
which can with safety be regarded as belonging to so remote a period. 

^ « 

These memorials are the great monoliths or Zdfr, many of which bear the edicts of 
Asoka, the protector of tbe earliest Buddhists, and who reigned about 260 B. C. Besides 
these pillars he is said to have erected 84,000 Buddhist sanctuaries called stupas or topes.* 

Some of these monoliths are of great size, and are.generally poUsbed throughout the 
portion intended to be exposed. They wore surmounted by (»rved and ornamented capitalB, 
upon which figures of lions or elephants were placed. 

The polished portion of the shaft tapered uniformly from base to summit, and in every 
way these remarkable monuments testify to considerable skill in the stone-cntter’s art. Still 
it would appear that this art was not made use of in the erection of buildings, and when 
the first stone templest were excavated and adorned a century later, the stone architecture, 
as pointed out and described by Mr. Fergusson, was a “ mere transcript of wooden forms," 
showing that at that time the art of using stone for these purposes was only being then first 
adopted, and that thoi^h the material was changed, the workmen continued to use the 
derigns suited to wood. It was only gradnally tiirough several succeeding centuries that 
the forms and designs became suitable to the material.]; 

It is considered by the best authorities that the palaces, temples, and buUdings generally 
of those early times were maialy constructed of wood, as they are for the most part in 
Bur^ and itiam at the preselfb day. 

%he resemblance between these monoliths and thoNM>f Egypt, some of which have been 
taken away into Europe, cannot fail to stiike the attention. The connection is believed to 
be more tlmn a mere apparent one, the discussion of which, however, belongs to the province 
of the Antiquary. * 

these l&ta afford the most strikiag evidence ^hich can be given of the size of the 
stonai which are obtainable from the Yindhyan sandstones and the duralnlity of the material, 

I appe^ the frdlowing enumeration of the mdneipiti of them which ore knmm. The details 
are Cuibtingham's Aivhmlogieal reports:— 

. ‘r..—______- . ,______ 




List of remarkable MoAolifJts in India. 
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Hr. mifit naentions two Isige blodcs whldi are fboad “aboat a mile eontb-eaet of Bnpaa near the quarry from which they were cutthe iHi»ptMirtn» of these sinrgeat a 
nmectioB ^th Uiose enumerated above. Hot improbably tiiey belong to the Aaoka poiod, One ia a circular column 3t' 6' loug, with u^ift and lower diameters of 2' 8" and 
The other ia a patallelopiped 42’ tT long by S' 2" x S'8" and S' 9^ x 4' 1", with an estimated weight of nearly 60 tons. The neighbouring villagers appear to know nothing of 
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Th^ q[QaniM lUi iDdbri on tiie Sdn ftce tbe most eastorn of all those wUoh h&ve been 
oipeited HI ibe rocks.. At preset they are laigdy worked in connection with the 

l^n xnojji^tkHL i^td canal projects. The stone is a compact whitish saildstone sosoeptible of 
airt^o hi^tmCHt, and, what is of more importance for the present purpose to which it is put, 
strong durable. « 

next point of importance where there are quarries is Chnnir. The vicinity of the 
Ganges has, daring a period of at least 2,000 years, afforded a ready means of transport for 
the excellent building stones which axe obtained from the Eaimtlr rooks at Chun&r. 

The East Indian Bailway now affords an additional l^eans of transport, but is, however, 

I belief, not very much used for the purpose, water carriage being so very much cheaper. 

Benares, and other cities and towns of less note, both in ancient and modem times, have 
largely used Chundr sandstone. The ghkts at Benares, the ptdaces, the walls, the minarets, 
and many of the temples are built of this material. To Calcutta a certain quantily m brought 
for paving and tombstones, Ac. The only stone church in Calcutta is St. John's, which is 
built of Chun&r stone. 

It has also been used to some extent in other buildings in Calcutta, but for paving ppr- 
poses, as has elsewhere been shown, the so*caUed Burdwan stone has also been employed. 

The next quarries to be mentioned are those of Mirzapdr, which, with those of Part6bpd.r 
and Seor&jp&r, have supplied Mirzapdr and Allahabad with material for the construction of 
their bpildings, both ancient and modem. The stone for the Jamna bridge was, according to 
Mr. Mallet, obtained from some quarries a llW miles up the river, whence it was brought 
down in boats. * 

From this the limits of the Yindhyon rocks Weep southwards in a great bay, and the 
next place where they have been worked to any large extent is in the neighbourhood of 
Gwalior, where they have been used in the construction of forts, temples, Ac. It maj be men¬ 
tioned too that in the exposed faces of sandstone there are carved some figures of Titanic 
dimensions. 

Although, as was remarked, the sandstones of the Biwn group are not generally used, 
still **in the neighbourhood of Hosungabad and also in the Sipri and Gwalior districts some 
thin red flags from I to 1 inch thick are much used for roofing.” 

Perhaps the most important quarries in India axe those in the upper Band&rs to the 
south of Bartp&r, at Fatipflr Sikri, and Bup&s, which have furnished building materiab since 
before the commencement of the Christian era to the cities of the adjoining plains. Por¬ 
tions of the Tig at Agra, Akber’s palace at Fatipfir Sikri, the Jomma muqjid at Delhi, 
and gener^y the grandest and the meanest buildings m Agra, Delhi, and Mutra (Mathura) 
have drawn upon these quarries for thrir materials. 

To quote Mr. Mallet again: *' The palace of the Bajah of Bartpdr at Deeg, which is 
regarded as one of the most beautiful edifices in India, twtifies at once to the exoellenoe of 
the stone employed and the skill attained by stone-cutters of that district. Cupolas' 
lesti]^ on slender shafts of 2 ani S inches dimeter, arches supported on strong, yet graceful 
pillars, i^dowB formed ^ tingle slkbs of stone pe^rated into the most elaborate tracing, 
meet <S^ at every turn.” 

In eon^h^n,. it may be mentioned tdiat the sandstones both here and at Chun&r have 
been huge^ :'B8od telegraph postisT the fiMaEly witin^rhich some of the varieties split 
rs^^ ^ obteiu posts 16' loOg of matorial triU resist white ants and the 

a^n;iail^'tiie''wtiik0|^^ 

Yindfayan.aandstone havebe^ instromental in annihilating 
by i^seniBlf, S^pwishnWe leobcd fragments of the bisti^ of upwards of two 
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thousand jjears ago, while the posts of fo4ay have been eubservient to the doetnwjtion of 
^ space, ftw it may be said that the telegi^ph which bears ouv messages from Calcutta to 
Peshawar over a stance of 1,600 miles in a fisWseoonds at time practically overcomes space. 

The preceding remarks refer only to the Vindhyan rocks, as exhibited in the great Vin- 
dhyan and associated ranges on the south of the Qan^io Galley. In order to complete this 
notice, it will be necessary to allude to the occurrence of rocks, believed to boloi^; to the 
same geological period in other parts of the peninsula. 

Between Sambalpdr and Baip|ir in the valley of the M&h&nadi, a series of sandstones, 
shales and limestones, considered to be contemporaneous with some of the Vindhyan series, 
occupy a considerable area. But in that wild part of the country there has asyet'bsen no 
local demand for building stones. ^ 

Agam, rooks referable to the Vindhyan series occur in the country to the south 
of l!I&gpdr, in the region about the confluence of the Wringanga and Watda rivers. 

In the Eamdl district south of the Eistna there is another series of aTiolmf 

and qoartzites which is considered to be referable to the Vindhyans. 

Mr. Eling, in his description of these rocks and the underlying Kadapa formation, says: 
“ There is no lack of good and easily wrought stone aU over the district; but tBese can only 
become of valne as they are locally required or as the means of communication are opened 
out over the district.”* 

For further examples of the uses to whioi||^he8e sandstoneB have been put in ancient 
times reference should be made to General Cunhing^un's Archeological Survey Reports. 

Among the sandstones of the D&mtida series (the representative of the carboniferous 
period in India) there are several varieties which are suited for building purposes and which 
have already to a small extent been made use of. 

Throughout the D&mdda valley where these rocks occur, they have been used in tiie 
construction of temples, some of which are of considerable antiquity. Axnftng the finest 
examples three Jain temples at Bar&kar are deserving of particular notice, as BOQ,g 

rather elaborate carving which has stood weU. 

Bat still more ancient work in this material is to be seen in the oaves of Sitgqja and 
Ch&ng Bokh4r, which bear inscriptions in the old Pali character, testifying to their extreme 
antiquity. 

In recent times the sandstones at Bar&kar have been quarried largely for local use in the 
constraction of the Batfikar bridge and for various purposes in connection with the East 
Indian Railway. A considerahle portion of the new High Court in Calcntta is also built of 
this material. Being readily accessible at the terminus of the Batdkar branch of the railway, 
this ro(^ will probably always be more or less used for purposes to which bri<dc is not suited. 

In HazfeilAgh and BAnchi some of the sandstones of tins series have been used to a 
small extent, and the flaggy beds of the nnierlying T&lohfrs to a somewhat larger extent for 
paving the European barracks, Ac. *' 

References to these sandstones will be found in the bnineroas reports oh ooal<fields 
in the Hemmrs and Records of the Geological Snrv^. 

VoyMV. OB the tmUding stonei sail Honto of IkherabiMl or Agn, i^etic Beseanhw. XV, UHS, p. m. 
Owes, Poitiibperetoiia quarries, P.B.coL B.. U, 1860, p. 81, 
filaafordiW.T., Western Iud8aXeia.0«et. .Surv^lodii^ VI, siai ^ 

MsUat, Vifldhjran leriee, Men. GmI, Barv., ladis, VII. p. IIS. ,; 

King, KiOagi and KaririU fomations, Man. OeoL Burr., InBiat tlll, p. Sai. 
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The eai^stoiiee tlie Tarious gT(m|ie ihcltided in ttw M&hiddvfi series'have ^en Urg^y 
need ( meinibem of ibe loerer grohps are^ however, in many cases ei'^OT too fi&ble or 
conhidti too miudk iron to he lasting when ex|K)8ed to the atmosphere. 

Id Bfigra group, a sab-^visdon of the Hfihdddv&e, there are sandstones applicable 
to b^dbg purposes, and which fusve h^ used to some extent locally. The Tawa viaduct is 
bdilt 'ot toese sandstones. 

''Some of the beds dt sandstone in the Jabalpdr groiip yield an usefnl bmlding material 
A very dense indurated variety, which occnrs in rim stati^ of Jabalpdr, has been quarried to 
a considerable extent for local purposes.* The viaduct over the Narbada below Jabalpdr 
f umisheB the most im]^rtant example of the applicability of the Bedstones of this group 
building purposes. 

Olose to'Kat&k (Cuttack) there are some sandstones which Mr. Blanford considers to bo 
younger the M&h&ddv6s, but the exact age of whi(di is, from the absence of fossil remtdns, 
still un oe rtain- These sandstones were used in the construction of temples at Boban^war, 
and to some extent for various buUding purposes in Katfik; but laterite and gneiss seem 
to have been more largely employed. Some ancient caves at Kundageree have been exoa~ 
vated in thesp rocks-t 

The intertrappean rocks of the Bajmehal series, whoso contained fossil plants present a 
markedly iurossic facies, consist of sandstones, flag Beds, and shales. The two former are 
oooasioaally empbyed for local building purp^s, but cannot be considered to be of much 
importance. " 

The compact sandstones of this series at Copjeveram and several other places ofier, 
according to Mr. Foote, a very easily dressed and moderately durable building stone. 

In reference to the Jurassic rocks of Each, Mr. Wynne says: " The finer grained 

slightly csloareous yellow sandstones of the lower jurasrio group form tolerable building 
stone; and some of the close, hurd silicionB grit bands, though difficult to trim or dress fine, 
' would afford a very laetang material for rough work.” 

Several other sandstones are locally used. Mr. Wynne gives a list of the difibrent 
building stones used in Bh(y, as furnished to him by His Highness the Bao of Each. 

Books of this age are found in the Bi^ehal Hills, ITtatiir (Ootatoor), and at various 
places on the east coast between TrichinopoU and the Qod&veri and in Each.;^ 

The B&gh beds, which bdong, it is considered, to the cretaceous period, contain some 
good sandstraes suited to building purposes. Mr. Blanford, in his report on Western India, 
says: '*'1%e massive sandstone of the Diva and those which occur throughout the country 
to rite south of AlUrl^pfir and Bfigh would fmnoish excdlent material. The gritty calcareous 
bed at the top, where ihia not too eherty, would be well adapted for construction and could be 
easily worked.! 


* llMlloett, Bscoida *Beo)ogiflSl Server, V, p. 77 . 

. 1 t* 

BiUtdlas anlntsls « the distiiot of OatUtk, JoUi. AS. See., BSttgiA, XI, p. SW. 

I '"'v i'';s 

' Voote, bh d UaSn^ Hess, fleet. 8w., Xaha, troL X, p, IIS. 

' Wjtm, Mem. 0e<d«:AKM^'<BiSie, VoLlX, p. S3. 

, lien, diet, teo^^iUdls, ’fl, p. ISO. 
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The rocks of the Sivfilik aad Nttiaa groups which r^resent the upper and middle 
teriaao^ period of Eon^ are geiu^y too aac^soUdated to form durable bnild% atones. 
These rocks, as is well known, form the onfor ranges of the Himalayas at various places 
from west to east 

Mr. Medlioott remarits: ” Those sfotions, as HagiJjai, KSsaoli, Subathu, Dhurmsala, 
which are built on the eocene groups of the Sub-Himalayan series, have an unfailing supply 
of good building material in the massive sandstone rooks. Among the older rooks there is 
no stone fit for anything but that for which rough rubWe may l»#i»d. There are severri 
examples of native arohitecture ^ng the border of the plains for which an excellent 
bulling stone was obtained from rooks of the Sivilik group, but it must have been found 
in detached blocks and discontinuona bands, the mass of the rock being quite unfit for the 
purpose. Stone fit for ornamental or monumental purposes might be found among the 
thick-bedded, bard limestones of the Hrol group.”* 

Q0ABTZ1TBS. 

The gradation from the loosest and most granular sandstone to the most intensely 
vitrified quartzite is so complete that it is impossible to draw a sharp line of demarcation 
between them. I therefore place the quartzites with the sandstones in this enumeration. 
Were the arrangement a purely geological one, a large portion of them would have to be 
classed with the schistose or gneissic rocks. 

If we except those varieties of the Yindhyan and Eamfil sandstones whdch are some¬ 
times called quartzites, the use of rooks coming under this denomination has bden very 
inconsiderable. Indeed the only instance known of a quartrite being r^larly quarried is 
in the Snsinia Hill in M&nbhiim. The works there were carried on for some years by the 
Burdwan Paving Stone Company, and large quantities of the stone have been used in Calcutta 
for pavings, copings, and other similar purposes. There are several varieties of this material 
found; in some there is a large proportion of felspar, when it should be called granuUt 
rather than quartzite. 

Although these rocks have been so little used, the Byaur or subm^morphio series, in 
many parts of the country, afford quartzites suitable for building purposes; wherever these 
occur in the vicinity of Yindhyan sandstones, the latter will naturally be preferred, as they 
are in most instances much more easily worked. The vitreous fracture of many qnartsites 
is ui*faot a bar to their employment where much finish is required. 

IX.— Latbbitb. 

The term laterite has been applied generically to a group of rocks which play an 
important part in the superficul geology of India. The common character which persists 
throughout all the varieties of laterite is the possession of a ferroginous element which is 
in the form of brown hydrated peroxide on the surface, sometimes as, tim bleek magnetic 
ore inside. The reddish-brown appearance, due to the presence the peroxide, explains 
the origin of the name {later, a brick) which was, I believe, first conferred upon it by 
Dr. Bn^anan. 

The various forms in which laterite occurs are due to differences of composition and 
differences of structure. The eombinatioin of these two qualities produce ahnost infinite 
varieties. The prinmpal structural varieties are rither nodt^ on cellular, the former being 
the younger, and it is supposed, in, a measure, derived from the latter. l%e varieties in 
con^position vary much in the 'jpaantity of the peroxide which they contain and in the 
of the other materials. Both classes pass off iatp mere detrital laterite, to the 
ferrnginons element in which th^ have no doubt mainly ^iWbuted. ^ 

* MedUcott, Hem. Qeol. Sut. hidto BI, n 176. 
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This is not the place for going into details or enumerating the various theories which 
have been suggested to account for the origin of this most singular deposit. It may be 
inentione4» hawever^ that no theory aooonnts satis&ctorily for the sources whence the large 
amount of iron oaa have been derived. 

The distribution of laterite ha India is widespread throughout the Peninsula, C^lon, 
and in Burina. It occurs not only as a costal deposit underneath the Eastern and Western 
Ghdts, but also in manv parts of the interior, not un&equently capping lofty hills and 
plateaus to a depth of several hundred feet, often producing the dead level surfaces which 
oonstitate a striking feature in In£an scenery. Although‘perhaps it shows its finest deve* 
kpment on or in the vicinity of trappean rocks, it occurs resting on rooks of all periods, 
occasionally far removed from any exposure of trap. It has not been observed, I briieve, in 
any part of the Himalayas. 

As a building stone, though it can hardly be called ornamental, it possesses some quali* 
ties which render it acceptable in the eyes of the natives; it is easily worked, hardens on 
exposure, and wears well. In the costal districts many temples, some of considerable anti¬ 
quity, are built of laterite and appear to have stood weU. In the Bajmehal Hills there is a 
fina.ll fort built of neatiy cut blocks of laterite without mortar. These blocks have retained 
theic original sharp edges. ^ 

In Midnapdr and Orissa slabs of from 4 to 6 feet long are extracted by cutting 
a groove round the slab above and another underneath, a few wedges are then driten into 
the lattot, and the slab splits off. This or a nearly similar process is used for the extraction 
of blocks of laterite in all parts of the country where it is worked by natives. 

Mr. King, in his Geology of Trichinopoli, says: "Where of poor qualify, the laterite 
soon onumbles away when exposed to the mfluenoes of weather and moisture, as may ba 
seen in the basement of many of the houses in the Port of Tanjore. The laterite has there 
weathered away, leaving the walls perfectly honeycombed, and the layers of mortar, which 
axe more durable, standing out as a regular net-work." In a note Mr. Poote adds: “ The 
laterite in this case was in all probabiliiy badly selected, for in all my subsequent observa¬ 
tions of this stone as a buildiitg material, it would appear that continued exposure to at¬ 
mospheric influences, or wet^ as in the case of tanks or bowries, only tends to improve the 
stone. Most of the rdigious edifices and tanks constructed of this stone show the linesvand 
iin gliia of the carvings as sharply as though fresh from the builder’s hands." 

Mr. H. Blanford also remarks: " At Andanapet I noticed some carved blocks forming 
part of an old and mined pagoda the mouldings of which were as perfect as when first cut. 
Owing to its porous structure, however, laterite is but little fitted for fine soulpture." 

Laterite has been largely used in the works in connection with the irrigation operations 
in Orissa. The anicut on the Kossai at Midnapdx has been altogether built of t^ mate* 
riaL The stone for these purposes has, I believe, given the engineers much satisfaction. 

The Yellour anient 4t Chetia-tope near Bhowagiri in the Triohincqpoli district is partly 
built of laterite. 

Dr. Balfour gives the Arcade Inquisition at Goa, Si. Mary’s Church, Madras, and the old 
fortress at Malacca, as examples of its use in the oonstmotion of buildings by Europeans.* 

- — -—-1—Ml*- - .— ' —.. .... 

M tamper. OilHB, Hsn. OwL 8erv.. Xadls. 1, p.‘;s79'.’ 

W. V. SMBteS. SB Xistarito, Stas. OsoL eiirr» Inilfa, I, p. SSO. 
jtesthem IMis, 11^ 

VliiKf lle». OsoL anicv., taSis, iV, p. sn. 

BsUbw^ OjelB||i«ai% Jrt. XoWHi*. 
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For bmlding pusposes, moie partiwlarly for roofing, aktes have not been maoh used 
in India, except in some of the stations of the North-West Himalajas. This is probably 
due to two causes, the first and principal being that in th^orientai style of flat-roofed archi¬ 
tecture which is generally adopted for British buildings in India, slatef^ could be only 
partially employed, and in the alluvial districts their place is amply filled by tiles. 

Secondly, most of the slates known to occur in India, are oNiher non-eleavable, or, if 
cleavable, retain also their laminated faces. Hie laminated slates are difficult to work into 
sufficiently thin layers, and are not much used, as an undue amount of timbering becomes* 
requisite to support the weight of slates of this character. 

At Dalhousie there are some large quarries in which there are slates and schists of 
various qualities. Hie best are said to be much more schistose than Welsh slates, still 
they are readily fissile, can be easily dressed, and can be obtained of considerable size. The 
fissile plabs are in this instance parallel or nearly so to those of lamination. 

The slates in use at Simk* sxe, accor^g to Mr. Medlicott, distinctly laminated, and 
in every way inferior to those obtained along the flanks of the Dh4oladh&r, and which are 
used at Dalhousie and Dhurmsala. 

the qualities of which are not so well known, are also obtained at Ferozpdr, Pali, 
Cffiimnswar, and Sonah^ all in GUrgOon, and at Attock, Abbotabad, and SpiU. * 

At Chitdli, in Kumaon, occurs a slate which it was proposed to employ for roofing pur¬ 
poses at Banikhet and other places. Mr. Hughes, comparing this skte with the Welsh 
standard, writes: ** It ffiffiers from the latter in splitting alcmg the lines of lamination 
instead of the pknes of cleavage. It is coarser in texture, more silicious (smidy), heavier, 
and has a duller ring on being straok.” The supply is ample for all possible requirements, 
an^lahs of a foot square, 1 of an inch thick, can be obtained easily. 

In the Bubmetamorphic rocks (Bigaur series) of Chota N&gpur slates not uncommonly 
occur. In these the fissile planes are for the most part those of lamination. In Manbhdm 
I met with a bed, however, which had most distinct cleavage structure, hut there was also 
a tendency to split along the layers of lamination; thus, this rock breaks np into regnlar 
prisms at the surface, but it is not impossible that a good slate might be obtained, as the 
material is compact and dense. 

In Ghaihassa the school-boys have only to run down to the stream near the town to 
obteun a new slate for doing their sums on. 

In the Earakpdr Hills, near Monghir, sktes have been extracted. 

The demand for slate is sO smtdl in Caknitta that 1 do not think it probable that these 
slates will ever be quarried tor any huge extent. 

In the Champanir beds between Boorajpdr and Jumbooghora, north-east of Baroda, 
there are some slates which, as as can be judged from their appearance at the surface, are 
considered promising by Mr. Hanford. ' 

In the Bijaut series near B4gh there are alsq slates which, are not so fine grained as 
the preceding, but some of which might perhaps answer for roofilng purposes. 

* Some of the iristeivMelifasTe seen tuKid-stSieilfe’lbrrDoSiiSiiMl^ tttSMild to have tutsd for hiwdreda of 

jewe. ‘ i, , ' ' 
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ClfliMlAtw floonv both in the Eadaipn and Ktundl fannatbiia in Hadroi; but though 
thin slabs oan be obtainedt th^ aie not suited for roofing purposes, and where liaidsr and 
more duraUe nttme is obtainable their employment for fli^ypng is not reocoomended. 

X0rMMf. 

l*owsU,VSq]tbProdtiali. * 

nMnaott, K. W. Blmalaru^ Men. ClMd. SorTi, India, in, n> 

Haglus* notes on the slatss at ChiUli, Kumaon, Baoonis, Oeol. Snn« India, HI, p. dS. 

BUnford, Osologj' of Western India, Mem. QeoL Barr., India, VI, p. S17. 

Kins, Xadapa sad Xarafil fbnnaUoas^ Mem. Qeol. Snrr., India, VIII, p 881 


Sbcoxd mots ov iraa maixbuzs von inon mahovactubb nr tbs Rdwiaain CoAt>vistD, 
TBXODonn W. H. Etresss, a. n. s. m., v. o. s., Chohgicat Sutveg qf India. 

In ooniinuation of my former paper* on the raw materials for iron smelting in the 
B&niganj field, I have a few analyses of iron ore and knnknr to record which will afford a 
more complete series for computing their values than already emsts. 

Jf<o»<ore!—'The percentage of iron in several different samples of ore from various 
spots in the Bfinigarj fidd has been given in the Hemoirs of the Geological SurTey,t but 
the imjpurities were not separately estimated. In the following analyses tiie dbonnt of 
alumina, lime, phosphoric acid, and insoluble residue, besides the iron, is indicated; and a 
usefbl comparison can be instituted between the B&mganj ores and those of other countries. 
All the samples are derived from the iron«stone measures, known geologically as the iron* 
stone shales group, and they were collected entirely in the western portion of the field:— 
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Pho^h&rwik-^Asi n'lwtmet of ito photplionM oontaued in these samples shows that 
the w>litfaMnw qtianti^ is *28 per cent, whiki the maximum is 1'13 per cent. 
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These results indicate that much of the innstone might be employed for the production 
of iron, hut that some of them are bad. 


It tf possible that the quality of oertain beds may be regular or nearly so, in respect to 
the amount of phosphoms they contain, and that by selection we may avoid the use of such 
bands as may be unsuitable. l%is feature must be determined before a final opinion can be 
ezpfessed on the value of the ironstones. 

Proportion qf tron.-—The prcqiortimi of iron is much larger than tiiat contained in the 
bulk of ores employed in England; and some spedmens are much richer than is indicated 
by the foregoing analyses.* , ** 

These samples were examined by Mr. Tween, showing the amount of oxide 
of iron, ||lnmina, insoluble reudne, water and organio matter contained in them. The miiu> 
mom quantity of carbonate of lime is 64 per cent.— > • 
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Other samples of kunkur from the above localities gave of carbonate of lime— 

BumW ••• SM ei‘l per cent. 

BSmnagar ... ... ... ... ... 9V9S „ 

SSnktoris •e* ««• 08*12 „ 

Hie finest specimens were mnee furnished by Mr. Hynd, of Bfiedrfi. Th^ contdined as 
much as 79*6 per cent. A few analyses (in subjoined table) placed at my disposal by 
Mr. Dqonx show a range from 66*94 to 78'60 per cent, of carbonate of lime, giving an avmage 
result for the entire series of analyses of about 66 pec cent. With this proportion of car* 
bonate of lime, kunkur will be quite capable of acting as an efi^ent flux. 
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* A simple from the Msdipifr proper^ of Um Bd^guj Coal AMootStiMi ilelded m nmoh* 1082*46 pet ceat. of 
iron, ud Isterito from the same locality gave 22*38 par emt., wlUoh ia aleve sTenge ftt tbst turn of mo. 
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uf the Geological Surce^ qf India. 

tmeet 0 fte.’^]^keiiBe^ ko^l^r there i|. some io^nxe, iDek^luqqestonie!' nepi* the viUage of 
P&h&r]p£r at the kfWHt of Panchet Hill. It.,j8 a. well known .Iw^n <*nd ie m^be^ np >w:^|sed 
map of jiliip l^&nigaig field. It contains 66*^ per cent, erf carbonate of Ume« and wmes in 
thickneaa from 12 to 15 feet. A large qnantiij of stone might he obtaiped from it, bat it 
poeCeM^ the ^advantage of dipping at a high angle. 

Catcareout nodulet.-—’rhetB is, in addition to knnhar and rock-limestone, another source 
of fihx, and that is the calcareous nodules in the day I>eds of the Papehet series. The 
arera^ proportion of cprbonate of lime was found to be 66*8 per cent. The importance of 
ihis supply is quite subordinate to the kunkur, but it is wdl to bear it in mind. 

Calcareous concretions dso occur, in the Tfilchir series. 

Zimettone begond the reference to limestone beyond the field, I have no 

additional information to record regarding i^e stone discovered by my colleague Mr. Mallet; 
but 1 have had an opportunity of inspecting a small quantity of limestone brought ftom 
the south side of the Damddd near Bfinigaiy. It looks extremely pure, and if it occurs in 
anything like quantity, it would be of great value.** I scarcely antidpate, however, that it 
will be found in abundance, and the kunkur will, in the event of any attempt to establish 
large iron works, probably be the flux on which to rdy. 

V»e tf kunkur in Birbhum iron toorke, I860.—Xunknr was successfully employed in 
the Birbhdm iron works, and Mr. Blanford, when reporting upon them in 1860, records as a 
fact that Mr. Casperz, the manager, found it advantageous to partially bum the kunkur and 
then to slake it, in order to separate the more impure external parts. 

This process could only be advantageously applied to the more regularly conoretimiary 
varieties of kunkur, showing centiioal concentration, for the ordinary form of this rock is 
without any distinctive purer core. 

Jtelative quantify of ore and kunkur.—I stated in my fomer paper that equal quanii- 
tiea of ore and kunkur would be required for the production of iron in a blast furnace. 
In the Hrbhdm works, a less proportion of kunkur was found to be sufiBcieni^ only 3 of 
kunkur to 7 of ore being necessary. Charcoal, however, was the fuel then employed, whereas 
in my experiments, coke containing as mock as SO and 40 per cent, of ash was used, and 
the ore was not quite so dean. With better coke, and an ore with an average of 42 per 
cent, of iron, the amount of kunkur requisite would be less. In estimates of the cost of 
manufacture, howevmr, it» as well to be on the safe side, and equal quantities ought to bo 
allowed for. 


Jfy^6fe '»fY>».>>-For the production of malleable iron, the direct process, which, I am 
indirectly informed, has been quite rasentiy ^rfceoted by Dr. Siemens, greatly improves the 
prospect of tiie undertaking in India, f<nr the impure as well as for the purer ores. One of 
the chief objections made to this process by iron-masters in England, that a greater propor¬ 
tion of the iron passes into the slag than occurs in the present method of manuihetuTe, 
does not apply to the ease in India, where a saving of materials is quite a secondary consi¬ 
deration to thJ^ of a savi^ in skilled labour. 

The adyantage daiined for this process, of not bringing the phosphorus into combina¬ 
tion with ht^'vemoves one of the most serious impiec^maits to the development of the 
great advantai^.'^imn o^rwise possessed by tiie B&nigaig ooal-fieid. 
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• 

In «mnj|otbiiB with the qoestioli of iroa'iQima&cfeire in India, it will be of inteieet to 
notice a disOTvery X made year, within tiie limits of the Wardha coal-field, of a deposit 
of manganese which is at present an ingredient of great senriee in the process for conrert- 
ing iron into steel, although its prime function in that procHs, and the presence of a certain 
proportion of manganese in the best steel, are questions still under discussion. 

In 1869 I drew attention, in the manuscript report of my season's work, to *tbe 
Occurrence ofi manganiferous sandstone in the Efimthi serfes, but the proportion of manganese 
to the other constituents of the sandstone was sltc^ther too small to render my discovery any¬ 
thing more than merely interesting. This year I was fortunate enough to meet with a much 
more available source of manganese, and it is this source which I wish to draw attention to. 

The ore occurs in botiyoidal masses in the red clays of the Eiimthi series around Malfigarh 
Hill. These concretionary lumps as usual contain much foreign matter, but the proportion 
of oxide of man^nese is considerable. An analysis by Mr. Tween gave: 

Manganese ore— ,, 

Loss on heating ... ... ... 8*5 

Oxide of manganese ... ... m. 44*6* 

Iron and alumina ... ... ... 6‘8 

Sand and clay ... ... ... 40*1 

Total ... 100*0 

The physical characters are those of psilomelane, which is a proto-peroxide of manganese; 
hard, having a bluish black^colour, submetallio lustre, and a brownish black streak. 

Of the ores of manganese this is about the most abundant. It is closely allied to 
pyrolnsite, and by some mineralogists is considered to be only an impure variety of it. 

I did not attempt to estimate the probable quantity prorairable from the beds in which 
this ore occurs, as I wished before traring it ont closely to have its value detmumned 
analytically. I remember, however, beu^ impressed with the idea that there was a large 
amount of it, of more and less purity than the sample I sent to our Museum. 

None of ont Indian iron-ores are known to contain more than a trace of manganese, 
and the independent ores of this metal seem to be somewhat scarce. 

In the Panjfib it is said to come frmn Jammu, which may mean anywhere within 
the extensive Himalayan territory of (he Mab&iAj of Kashmir. 

In Madras it is said to occur near '^ian&gram, in Kamdl, MaisAr, and the Kilghfris. 

In Barmfi, it has been rq^rted upon by our own officers and others. 

In Bombay an earthy mixture of iron and manganese oxides, occurring as a dark brown 
powder in Tvmg nfiBian limestone, was found this year by. my colleague Mr. Foote, at Bhimgarh 
in the Belgaum district. Its composition is— 

Water and oigamc matter •»# WM MU 14*6 

Oxide of iron and a little alumina ... . 22*0 

Binoxide of maugaaese . - ... ^ > ... 20*0 

Insoluble ». M* % 44*8 


101*4 
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J26 Meeords of iJke Geological Suroeg of India. 

Tb« toDsiunption o£ ttianganen on has hitherto been very nnimportant in In^ta; but if 
the extenriva pUms now under oonnderation ibr the oonvendon fd the pnie iron^nmof 1joh&x& 
be ever oanried oat) we may expect a ocmndersbie demand £nr manganese. 

a TREOOOBE W. H. HTTOHES. 

OSalovMs, Ut JiUg 1874. 

4 

DONATIONS TO MUSEtJH. 

Mat 81 st. —Fart of lower jaw of Mastodon, from the bed of the Chnmbul, Dholepore. 
Presented by D. A. Dvim, Esq., o. s. 

Specimen of the rock from bottom of a deep well (560 feet) at Bikoneer. Presented by 
CoLOjrxii MoMaeoit, Hissax. 


ACCESSIONS TO LIBBARY. 


Fbou 1st Afbu to 30th Joira 187A 

oj Sooksm DoHOTMt 

Besehreibang der kolonie Victoria, (1878), 8to. 


V. Bau. 

Bhau,9*. J. B.—^Handbnch der Idthologie oder Oesteinlehre, (1860), 8ro., Erlangen. 
Catolbo, T. a.—D ei Tenem di sedimento Superiore deUe Yenezie, (1866), 4to., Padova. 
CouiHS, Jamsb. —Beport on the Caontohono of Commerce, (1872), 8vo., London. 

Dawsoh, J. W.—^The Story of the Ea;^ and Man, (1878), 8vo., London. 

Dblxssi, M.—Lithoh^ dn Fond des Men. Texte, Tablmmx, and Atlas, (1871), 8 to., Paris. 
Fbbsxkiits, Db. C. B.—Quantitative Chemical Analyris, (1873), 8vo., London. 

Obikib, Jakbs. —^The Great Ice Age, (1874), 8vo., London. 

Gbibitb, Db. H. B.—Dyas oder die Zeohstein formation and das Bothliegende, Heft. I 

(1861), 4to., Leiprig. 

GitinH, Wh.—^M ission of the North American People, Geographical, Social, and Political 

(1878), 8vo., PhUadelplua. ' 

JuBBS, J. B.~Tbe Stndents’ Mannal of Geology, 3rd Edition, (1872), 8vo., Edinburgh. 
Moubb, j. D.—Institnt far Mikroskopiak Freisveoseiohniss MihroBho piaoher Praparate 
. (1878), l2mo., Wien. 

Niohouoh, H. A.--A Mannal of Palseontology, (18^), 8vo., Edinbar^. 

Phuufs, j. S.—TheBxplotem’, Minen', and Me^nrgists’ Companion, 2nd Edition, (1873), 

8vo., San FnuioiBoo. 

Twentieth Annual BepbTt of the Begents of the Univoeity of the State of New York 

(1868), 8vo., Albany. ' 

WuioRBUi, Pbot. A.«~The Geology of tiie Stars, 8vo., Boston. 


PERIODICALS. 

Amerkan Joanud of Seimiee and Arts, 8rd Series, Vol. VII, Nos. 88-40, (1874), 8vo. 

New Baveotw * 

Annales das lCl8iM,tth ftsries, Vd. IV. Uw. (1873), Sw., Paris. 

L’AdKIB8IB. DBS MiBBS. 

AUbbIs and Magadne’of Nahital History, 4th Series, Vel. XHL Nos. 76-77, (1874). 

8vo., London. 

Omn, Vd. U, N<a It <1074), 8vo., Torino. 


l^B Avthob* 





Jleceniona ta Lihrury, 


127 


Z\UIm SaQha* Denora, 

Gkogrfpliinl T'f^g*****! Nd* 1» US7A)» Bm,, Loudon. 

Goographiacho llitihdliingwi, Band XX| No. 8i (1874)» 4to.» Gutha. 

Geological Hagidne, New Suriaa, Decade 11, ToL I, Noa. 8~6, (1874), Sm, London. 

Indian Economiat, with Agriooltnral Gazeiite and Statietioal Beportsr, Yol. Y, No. 8, (1874), 

4to., Galoutta. 

GoTiBirMBirr or Ikdia. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal Science, 4th SeriM, 

YoL XLYII, Noe. S1I--813, (1874), 8to., London. 

Lirrirn, lb Due ob.-—Y oyage d* EzploraHon h la Mer Morte, a Petra, et sur la Sive 

Gauche du Jourdain, livr. 12^14, (1874), 4to., Paris. 

Mabxiki vko Cbbknzvb,—S yetematiaohes oonohyUen^tukliinet, lief. 210—^224, (1872>74), 

4to., Nhmbwg. 

Nature^ Yol. IX, Nos. 229—236, & X, 236 to 240, (1874), 8vo., London. 

Ooeon Highways, New Series, Yol. I, No. 12, (1874), 4to., Lond.on. 

Faheontographica, Yol. XIX, lief 6 & 7; XX, Abth. I, lief 1—6; Abth. II, lief 1—4; XXI, 

lief 1—6; XXII, lief 1—4| with supplement and atlas, (1871> 
73), 4to., CJassel. 

PvBXFPBB, Db. L.—MalakozoologisoheBi&tter, Band XIX, XX, and XXI, Bg 1—13, (1872), 

* 8vo., Cassel. 

„ „ Noritates oonchologioss, Land-oObchylien, lief 40—43. 

Supple. Ill, lid 32—37. 

,» lY, ,, 9—19. 

,, Y, „ 1**3, 4to., Oassel. 

Piofeuional Papers on Indian Engineering, 2nd Series, Yol. II, No. 12, (1874), 8to., 

Boorkee. 

CxT<L EHOuiiBBiva CoLLsas, Boobkbb. 

Quarterly Journal of Mioroaoopioal Science, New Series, Yol. XIY, No. 64, (1874), 8vo., 

London. 

Quarterly Journal of Soienoe, No. XLIl, (1874), 8vo., London. 

Beports of the Mining Surveyors and B^trars for quarter ending,81st December 1878 

(1874), fisc., Melbourne. 

Mnniro Dbft., Yiotobxa. 

Sanobbbobb, Db. F.—Die Land nnd SusswaBser*conehylien der Yoradt* Uef 4—10 (1871>7S), 

4to., li^esbaden. * 


GOYEBNMENT SELECTIONB, Ac. 

Bbvoal.— Beport of the Meteorological Beporter to the Govemunent of Bengal. Ibteoro- 

logioal Abstract for 1878, (1874), flsc., Gsloutta. 

GovsBnixirv of ^hual. 
Bepor^ on the Bevenue Survey operations of tike Loww Provinces from 1st Oo- 
** tbber 1872 to 80th September (1874), flsc., Ctikntta. 

Dmo. 

Bovbat.— General Beport on tire Administration of tiie Bombay Presidency for 1872*78, 

(1874), 8va, Bombay. 


I GovBBirifBiit OF Bokbat. 



m 


Records of the Geological Sarneg of India, 


[vojL. Til. 


TUlet qf Boohs. ' J^tsors. 

OooBa.'*RepoH on the Administration of Cooi^ for 1873^73, (1878), 8 fa, Bangalore! 

Qoysbkxxkt ot Coobo. 

MAi>BAB/«>Beport on the Adminutration of the Madras Presidenej during the year 1872*73, 

(IStI^, 870 ., Madras. 

GoTBBimxitT OF Madbas. 

MTSOBl.'-'Beport on the Public Instruction of Mysore for 1872*73, (1873), 8 vo., Bangalore. 

OovBBTBfBirc OF Mtbobb. 

„ Report on the Administration of Mysore for 1872-73, (1873), 870 ., Bangalore. 

Ditto. 

N. W. Pbotikcbs.—R eport by the Board of Re 7 enue on the Rerenue Administration, 

North-Western Provinces, for 1872*73, (1874), flsc., AQahabad. 

Gott. of N. W. Pboyinces 

, TRANSACTIONS OF SOCIETIES, &c. 

Aibart.—•C gLTiir, V.—^Report on a topographical snnrey of the Adirondack Wilderness of 

New York, (1873), 870 ., Albany. 

Thb Aothob. 

Ubbun.—A bbandiungen der kdnig. Akad. der Wissens. zu‘Berlin, (1804*71), 4to., Berlin. 

„ Monatsberiebt der konig. Preuss., Akademie zu Berlin, Saao^ —^April, (1874), 

870 ., Berlin. 

, Thb Aoadbht. 

„ Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXV, heft 3, (1873), 

870 ., Berlin 

Thb Socixtt. 

Bobpbaox.—^A otes de TAcaddmie des Sciences, belles lettres ot oris do Bordeaux, Yol. 1—^XI, 

(1839*49), 870 ., Bordeaux. 

BoBTOB.—Memoirs of the Boston Society of Natural History, Vol. II, pt. II, Nos. 2 & 3, 

(1872*73), 4to., Boston. 

Tax SoctBTT. 

„ Proceedings of the Boston Sodety of Natural History, Vol. XIV, pp. 225—end, 
& XV, pts. 1—2, (1872), 070., Boston. 

• ^ Ditto. 

BaBROS Aibbs.—A nnals del Museo PuMioo de Buenos Aires, pts. 1—9, (1864*71), 

4to., Buenos Aires. ^ 

Caicvtta.—A rchteoiogioal Surrey of India; Report fov 1871-72, Vol. IV, (1874), 

870 ., Csdcutta. 

Hohb Dbfabtuent. 

„ Journal of Asiatic Society of Bsugal, New Series, Vol. XLIII, pt. I, No. I, 

A pt. II. No. I, (1874), 8 to„ Calcutta. 

The SociBTY. 

„ Pmsaedings ei the Asiatic Society of Bengal, Nos. 2 — 6 , (18S^), 870 ., Calcutta. 

m Ditto. 

„ Jottival* of tho Agrledttttnd md Horticiiltacal Sooiety of India, New Series, 
Yol. rV, pt. 2, (1874), 870 ., Calcutta. 

Ditto. 

M Records, Geolcjgical Surrey of India, VoU Yll, pt. 2, (1874), 870 ., Calcutta. 



•PART 3 .] 


Accetnons U Library. 


129 


Titiat qf Sooka. Domra. 

CAUBjAsaB Mass.'—M emoira of the American Academy of Arts and Sciences, New Series, 

Vol. IX, pt. 2, (1873), 4to., Cambridge. 

Thb Acadbmt. 

„ Proceedings of the American Academy o^Aits and Sciences, Yol. VIII, 
« pp. 409—504, (1872), 8to., Cambridge. 

Ditto. 

„ Proceedings of the American Assodation for the advancement of Science, 
Vol. I—XIII, (1849-60), 8to., Cambridge. 

CoPBBHAOBK,—Mdmoires del’Acad^mie Royde de Copenhagen, 6th Series, Vol. X, Nos. 3->6, 

(1873), 4to., Copenhagen. 

Thb Acadbmt. 

„ Oversight over det kongl. d. videnskabemes Sekkabs, No. 1, (1873), 8vo.. 

Copenhagen. 

Ditto. 

Dijoh.— Mdmoires de I'Acaddmie Imperiale de Dijon, 2nd Series, Vol. XI, (1864), 8vo., 

Dijon. • 

Gottimoev.—A bhandlangen der konig. Gesells. der Wissensohaften zu Gottingen, Band 

XVH, (1872), 8vo., Gottingen. 

Thb SbciBTT. 

„ Naohricbten von der k. Gesellschaft der V^ssensohaften ans dem Jahre 1872, 
(1872), 8vo., Gottingen. 

Ditto. 

KomoSBBBG’.—Sohr^n der konig. Physih.-dkon. Gesellschaft, Jahg. I; II, Abtb. 1 A 2, 

A III Abth. 1 A 2, (1860-63), 4to., Konigsberg. 

Lausahitb. —Bulletin de la Socidtd Vaudoise des Sciences Natnrelles, 2nd Series, Vol. XII, 
» Nos. 70 A 71, (1873), 8vo., Lansann^ 

Thb Socibtt. 

Lokdon.—B ritish Museum—Gray, Dr. J. E.—Hand-list of the Edentate, Thick-skinned, 

and Ruminant Mammals in the British Museum, (1873), 8vo., 
London. 

Bbitish Mvesuii. 

a 

„ Journal of the East India AssociatioD, Vol. VII, No. 8, (1874)j8vo., London. 

Thb Associatiov. 

„ Proceedings of the Idteiaay and Philosophical Society of Liverpool during 

1872-73, No. XXVII, (1873), Svo., London. 

.• Thb Socibtt, 

Proceedings of the Royal Geographicai Sodety, V(d. XVIII, No. 1, (1874), 
8vo., London. * 

Ditto. 

Proceedings of the Royal Institution of Great Britain, wnd list of Members, 

" 1878, VoL VII, pts. I A II, Koa. 68 A 69, (1874), 8vo.. 

London. « 

Thb iNBtiTDTioir. 

„ Proceedings of the Royal Sodety, VoL XXI, Koi. 147—160, (1873-74), 8vo., 

London. „ t 

itOTAi Socibtt of Lobdoh. 



130 


Becord* of fho Geological Surveg of India. 


[vo.L. vir. 


TUlea tf BooJea, 


Bonora. 


Loiri>ov.«--Q<u^i^ly Journal of the Oedogied Society, Vd. XXX, pt. I, No. 117, (1874), 

8vo., London. 

Thb Society. 

MxXiBOrawsi.—'Geological Surref of Victoria— Shtth, R. B.—Report of ProgresB, (1874), 

8vo., Melbourne. 

The Suhvet. 


Moscow.—^Bulletin de la Socidtd Impdriale dee NaturaJietes de Moscou, 1868, Nos. 1—4, and 

1878, No. 8, (1863 Si 1873), Sro., Moscow. 

The Society. 

« 

M UECHES.—Abhandlungen der Math'pbys. classe der k. b. Akad. der. Wise, ku Miinchen, 

Band XI, Abth. 2, (1873), 4to., Monchen. 

The Academy. 


Siteungsbericbte der Math-phys. classe der k. b. Akad. der Wiss. zu Munchen, 
1872, heft 2 & 3, 1873, heft 1 & 2, (1872-78), 8vo. Munchen. 

Ditto. 

Xnnalen der kdnig. Sternwarte bei Miinchen, Band XIX, (1873), 8yo., Munchen. 

Ditto. 

Der Antheil dor Bntwiokelung der Eleotricitats* lohre, (1873), 4to., Munchen. 

Ditto. 

DotEiEOSB, J. VOE.—Bede in der offentliohen eitznng der k. Acad, dw Wissens, 
am 26 Jule, 1878, (1873), 4to., Munchen. 

Ditto. 


Verzeichnisa der MitgUeder der k. b. Akad. der Wissens., fL873), 4to., Miinchen. 

Ditto. 


PHii.a0Et.TBiA.— Journal of the Franklin Institute, 3rd Series, Vd. LXVI, Nos. 6 & 6; 

LXVII, Nos. 1&2, (1873-74), 8yo., Philadelphia. 

The Iestitpte 

Rome.— Bollettino R. Comitato Geologico d* Italia, Nos. 1—4, (1874), Sro., Rome. 

Geoeooicai. Society of Italy. 

Salem.— Bulletin of the Essex Institute, Vol. IV, Nos. 1-12, (1872), 8yo., Salem. 

^ The Institute. 

St. Pbteesbubo.— Bulletin de I’Acaddmie Impdriale des Sciences de St. Petersbourg, 

Vol. I—VI, (1860-68), 4to., St. Petersburg. 

Steasboubq.— Mdmoires de la Somdtd des Sciences Naturelles de Strasbourg, .Tome VI, 

livr. 2, (1870), 4to., Strasbourg. * * 

Tobonto.—C anadian Journal of Science, literature, and History, New Series, Vol. XIV, 

No. 1, (1878), 8yo., Toronto. 

The Oanebian Institute. 

Vienna.—Haubb, P. Rtt. von.— Geologische Vebeisiohts karte der Oesterreicbisch— 

ungarischen ftonarchie^ Blatt, Nos. 4, 7,8, 9 ,11 & 12, (1869-73), 
Svo., Wieti. 

Thb Vienna Institute. 

7erbandIuBgeB der k. k. Zool. botanuohen Gesellschaft in Wien, Bend XXII, 
(1872). 8vo.. 'Wisjx, 



PART 3.] 


Acceasioju to Library. 


131 


IMlet of Books. 

% 


Donors. 


WASHfKaToir.—-Beport of tbe Commissioner of Agriculture for 1871-72, (1872-73), 8vo., 

Washington. 

Dbpt. Auric., U. S. A. 


United States Geological Survey—C ofb, ^ROV. E. D.—Synopsis of New 
Yertobrata from the Tertiary of Colorado ohtmned during the 
summer of 1873, (1873), 8vo., Washington. 

F. V. HarnsR. 


United States Geological Survey— Gaknbtt, H.—Miscellaneous Publications. 

No. 1, Lists of Elevations in that portion of the United States 
west of tiie Mississippi River, (1873), 8vo., Washington. 

^ Ditto. 


„ United States Geological Survey— Gabkbtt, H.— Miscellaneous Publica¬ 

tions. No. 2. Meteorological Observations during 1872 in Utah, 
Idaho, and Montana, (1873), 8vo., Washington. 

* * Ditto. 

Weiiington. —Transactions and Proceedings of the New Zealand Institute, W>l8. IV and V, 

(1872-73), 8vo., Wellington. 

Wiesbaden. —Jahrbiicher des "Vermns fiir Naturkunde im Herzogthum Nassau, heft 

I—XXIY, (1844-70), 8vo., Wiesbaden. * 

Zurich. —Neujahrsblatt von der Naturforschenden Gesellschaft auf das Jahr., 1873, No. 75, 

(1873), 4to., Zurich. 

The Society. 

„ Vierteljahrkchrift der Naturforschenden Gesellschaft in Zurich, Jahrg. XVII, heft 

1—4, (1872), 8vo., Zurich. 

Ditto. 

„ Nouveaux Memoirs de la Socidt5 Helvdtique des Sciences Naturelles, Band 

XVII—XXIV, (1860-71), 4to., Zurich. 




RECORDS 


OF THB 

GEOLOGICAL SURVEY OE INDIA. 

Paart 3.] 1875. [August. 


The ShaFUQ CoAL-FIEtD, with notice of CoA£-XXFIOBATION8 in the Nabbaha begion, 
by H. B. Mbbucott, u. a., f. o. b., D&jpfaty Superinterident, Geological Survey of 
India* 

Section I.-^NoUccof recent osplomtion. 

M a.—The weatem extension of the SatpuK basin. 

M 3.—Possible coal-fieids on the lower Narbada. 

^ 4.—The Shapor ooal-fleid. Sumnuny. 

I.^Notice of BECSNT EXFLOBATION. 

The question of the coal-snpply in the Narbada valley has now been for long before the 
public, and is still unsettled. Mohpani is still the Only locality where workable coal is known 
to occur; and the extension of the coal here is as yet unproved. Since December 1872, expIo> 
rations have been carried on in several places under the orders of Qovemment, but so far 
without result. The region to which these remarks apply is the northern portion of *the 
great Satpnra basin of the ooal.bearing rocks, within comparatively easy reach of the Great 
Indian Peninsula Bailway. It has long been known' that there are numerous outcrops of 
coal (dong the south margin of the field; but the distsmce would greatly add tp the coijit of 
exploitation. To that ground, however, we must have recourse if our endeavours to find 
coal in a more favorabfe position prove unavmling. With this in view, a survey was made 
during tite past season of the western and more accessible portion of the sonthom region, 
known as the Beinl or the Shdpnr coal-field. . 

Before proceeding to describe this field, with the Ad of the annexed ontlhie*naBp, I would 
give a sketch of the explorations up to date. It cannot be said that any of the experiments 
has proved a fiulure, because no one of them has attained the full timit contempls^ for 
the search. No success, however, can be reported as yet; and in one case some disappointment 
has to be recorded. Having had the entitO responribilify, of choosing the positions for the 
tiialhorings, I sun, of course, anxious, fbr the satis&ction of Government, that a right ilndeiV’ 
standing should exist of the grounds upon whidh 1 dedded it is so easy a&ee the fimt to 
condemn a project as hopeleA; and there are always people ready to take the credit o£ 
wisdom on such occasums. The data atailahle were never sKWo than could wanant a Mr 
possihility of success, aa was duly expliuned at the firit. 
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13ie vegvlaa' mode of proceeding in this inTesligation would have been to e:(ploTe the 
meastures at Mohpatu—to see how the ooal>aeani8 behave on this side of the basin tio the 
deep of their only outorop. Information might thus have been gained giving some grounds 
for a opinion ,as to the position and depth of the coal elsewhere along this region. 

This course was not available, ^he ground being iu the possession of the Narbada Coal 
Company. The interests of this colliery depend largely upon the conditions in (;[aestion ; but 
as yetdittle or no light has been thrown upon them—no coal has up to date (June 1876) been 
fotmdbejond the limits of the faults against which the origiaiil working stopped. 

Thus the attempt that had to be mode was not that of exploring a known coal*iield, hut 
to look for the coal-measures in a great series of formations where it was known they might 
occur. The explorations proposed were of two kinds: one depending upon the unknown 
limits of the rock-basin itself; the other upon the unknown lie of the coal-measures witliiu 
the known area of the bosiu. 

So far aa f^pears on a geological map, the northern limit of the recks with which the 
coal-measures are associated would approximately correspond with 
viai^*rf^*Sr«b»Sif wfegular line indicating the southern edge of the 

• alluvial plains. Along certain portions of that line narrow outcrops 

are seen of metamorphie rocks; and where these appear, the continuity of the younger rock- 
basin is, of course, cut off. There are, however, wide gaps wheie no older rocks appear, where 
the valjpy-deposits rest against the coal-bearing formations. It was for a time supposed that 
the junction of the sandstones with.the metamorphie rocks occurred along a great fault, by 
which the newer rocks were thrown up to the north and removed. Were this so, we should 
be entitled to ^aw a iixed fault-boundary to the possible coal-bearing ground across those 
gaps between the existing outcrops of the metamorphics. From a careful study of the rock- 
jnnetion where seen, I came to the conclusion that no great Bne of dislocation could be 
proved: the actual contact of the two rock-series was almost everywhere found to he the 
original one. 1 even got remnants of the younger strata on the north flanks at the same level 
as on the south of the narrow ridges of metamorphics. It thus becomes apparent that the 
gaps in the present boundary, where the alluvium laps against the sandstones, may only 
represent bays in the original edge of the basin of deposition of the coal-bearing formations. 
A full discussion of this question is given in my last report upon this ground j it can only be 
by a revision of that discuBsion that the exploration for coal in these blank areas can be shown 
to be unwarranted. 


The Mohpani colliery, on the Sitariva, lies in the centre of one of the longest of these 
blank porriona of the boundary. Almost the last rock seen in the river is the coal, in full 
strength, underlying steeply towards the plain. An attempt was made to work the coal 
but it Was found tb be too mneb broken and crushed to be worth extracting. It was to 
the north^of this position that I recommended borings to be made in the aUnvinm, close to 
the luranoii railway, where coal, if fBund, wbnld be very favorably situated. There were 
of aoultw^ o&er doub^ui conditions bendes the principal one alr^y indicated: the bay may 
hari} liieeii there, and yet the emit deposits have found small place in it: or whahiver had 
found {daoe there may have been tb a great extent deaied out by the excavation of the 
hbUow in w^oh the elluvium now lies. The probability^ eueh as it is, of coal extsiing under 
any eondd^fa^. of the immem^ area covered by the allnvium seemed euffieient to 

WKias(iitt sQ^ n^oilajy juptm the search* Boring was attempted at Gadarwaza station and at 
. £h}hi^Eiierii,.l^ tsn amjEe^peiles frem the boundary. The former ibdal hroha dhwn at a d^th of 

to a depth of 4dl foet, yet without piercing 
thtcnn^ ihe valkj'Both tlUjo taials were darted when bpring implements were 





MeMioottj SAajpwr Coad-fi^ld. 




deficient j and aIthou]gfi I gave 500' feet os^ possible thickness for the allaviom, I oortainly 
expected rock to be struck at a less depth; thus the borings were not begun on a sufficient 
scale for Such a depth where piping had to be used’ throughout. 

There was nothing whatever for a positive opinion that the superficial deposits would 
be so deep. The Narbada ffows on the north sid'e of tlu§ broad ]^ain; and within comi' 
parativelj short distances throughout its course it touches rock, leaving the valley through 
a narrow rocky goige 100 miles to west of, and at a level about 300 feet ^!ow, the surface at 
Oadarwara. This gorge is the lowest lip of tho rock-basin of the actual valley; for the 
watershed on all sides is on rock. We have thus at least learned from this SakaMieri boring 
an interesting gecdogical fact regarding the depth of the pleistocene valley. 

A complete prognosis of the case would involve also the consideration of yet another, 
great valley of excavation in the same area, but regarding which our information is still 
more obscure. Hie valley occupied by the pleistocene deposits was to a great extent cut out 
of the great trappean formation, which had filled up a previous valley to the full level of the 
highlands on the north and. south. Both to east and west of the Sitariva bedded trap is, at 
several places, the last rock seen passing under the alluvium at the south side of the valley. 
Locally, too, it is underlaid by thin fresh-water deposits supposed to be of upper cretaceous 
ago. That pro-tertiary valley to some extent corresponded with the existing feature, being 
principally bounded by the Ylndhyans on tho north and the Mahadera hills on the south; 
hut it is improbable that its line of dischaige was tho same as that of the present Narbada. 
Regarding its possible rdativ# depth there is no certain clue; huh there is nothing tc^suggest 
its having been great in the Sitariva region, older rocks being seen at many places to east 
and west. There vrere some symptoms that the boring at Sukakheri was approaching a 
bottom of this kind ; the last samples of clay brought up were much chUrgedT with granules 
of iron oxide as if from a laterltic layer which is fi’eq[acntly found coating the trap. 

The discovery of the great depth of the suirEace-doposits at Sukakheri is, no doubt, a 
check to our hopes of finding tho coal-measures withiu easy reach in this neighbourhood, and 
may therefore divert the press of exploration to other points; but, of course, tho question of 
the existence or not of tho coal-bearing rocks in this position is quite untouched. The argu¬ 
ment on this point stands just as at tho beginning; and unless before long coal is found 
under more favorable conditions dsewhere in this Satpura region, I would certainly recom¬ 
mend the prosecution of the searah here. The actual position might be shifted to Gagarola, 
a village a mile and a half south of Sukakheri. I want clear to the north in first choosing 
a sitei to avoid coarse gravels in the covering deposits near the hills, and to get well beyond 
a known region of disturbance in the coal rocks, riiould tliey be found. 

The other dass of exploration is directed to find the coal-measures within the known 
^ rook basin. On the south side of the basin the outorop of tho 
*** *****' measures is nearly continuous from east to west. Tho hope of 
finding them on the north side is based upon the siu^e outcrop 
on the Sitariva, and upon the fact that very generally they are dosely aseociat^ with the 
Talchirs, and these are found at several phu:es along the north boundary. The reasonable 
conjeaflpre is, that the coal may be more or less oontinuous throughout the whole basin,« 
beneath the covering Mdradeva rooks. For a short ffistanoe west of the Sitariva the Talchir 
rocks,,and even the coal-measures, ore traceable; their manner of disappearance in tlus direa- 
. tion is not seen; the nearest seetbn is very obscure and greatly affected by trap dikes. 

In the first complete section exposed, in the Dudhi and east of it, younger rocks occupy 
the whole ground'Up to the boundary with the metamorphba. When next the lower mem¬ 
bers of the series come to the surface along tho boundary, the Talchir group alone is found, 
overlaid by yoaogor rocks than the coal-measures, the latter being completely cut out, or 
* overlapped,’ 
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Xh explotaiions of iMr natare H is commoiriy the case that some approzimatipn can be 
^oa^ towards oompating the depth at which the objeot should be attained. The simple 
'genemirule is ^ from the proposed point of experiment to fcdlow the descending section 
directly iaero^ the strata to the outcrop of the bed sought for; and then, Scorn the eurfaoe 
distance and the mean ^p of tb^ocks, to calculate the depth from the snrface at the required 
pmnt. . Were this role to hold good in the present case, the coal would be hopelessly out of 
reach where we are now seeking for it. Tbroughont this whole central area of the rock 
baton, the strata have a very constant northerly slope to within a short distance of the north 
boondaty, where, according to the above rule, the depth to the measures would be enormous. 
The rule, however, works upon the assumption that the beds oontinne to the deep as they 
appear at the sur&oe; and it is quite certain that this is not the case with the rocks wo have 
to deal with here. They are for the most part massive, irregular sandstones; and it is 
demonstrated that not only individual beds, but whole groups of beds, die out to the deep and 
are overlapped before reaching the north side of the basin. There is no law known, or in 
the natare of the case possible, for such a mode of extinction and succession of stratified 
deposits. Their distribution depends upon the local physical conditions at the time of their 
formation, the only evidence for which conditions is to be found in the deposits themselves. 
Thus, there cai\ be no reason assigned why the coal-measures themselves should not also die 
ont to the north, they being composed of thick sandstones not unlike those above tlfem. 
Tho hope that such is'not the case rests upon tho features along the north boundary, as 
already noticed. • 

The facts bearing upon this class of exploiwtions have also been i^ven and discussed in 
eome detail iu my last report ou this ground; bat from the foregoing brief remarks it can 
be seen that t^iese trials, though under such revy different conditions, are of a scarcely less 
precious xiatare than are those in the open valley. It may also here be understood that 
any offhand opinion on the point can be of no value, unless in so for as it maybe based upon 
reasons such as those indicated. 


In selecting sites for these borings, I gave, as for the others, a wide berth to tho known 
difficnlties dose to the general boundary of the field; such as, firstly, the greater disturbance 
of the strata, often with trappean intrusion; secondly, thft coarsely conglomeritic ebai-acter 
of the Mahadevas in this zone, which has proved so obstructive to borings at Mohpani; and 
thirdly, to give a better chance of getting below the known overlap. To these considerations 
the si^aoe features added other iudueements. On the east and west of the basin, two wide 
open areas are presented in the valleys of the Dudhi and the Tawa, separated from tho 
plains of the Narbada val^y Igr a narrow bdt of low hills. If the Satpnra coal-basin ever 
fulfils our reasonable hopes as regards coal, it is in these areas that the industry would bo 
established, and here that it should be started. Whether or no coal should be found some¬ 
what nearer the surface towards^ the edge of the basin, it would be' a duty to ascertain if 
lay within reach of those central areas where mining must bo locate if it is ever to 
oxpaad; hut to fulfil tins purpose tho borings here should he carried to the fall depth at 
whi<di there would bo any prospect of mining being profitably carried ont. Upon this 
p(^t toy knowli^go and experience scarcely mititie me to an opinion: 1 should say copectur- 
t^y, that {Bn^poring coal to be present, it would pay better in the long run to work it 
160 £athoc$a ^ centre of tiiie field than at 60 fathoms near the margin* 


Jti commeumOg o|«^on8, preference wm given to the Dadhi area, fbr the reason that 
' ' ' the atrongecd natural outcrops of the coal both to north and south 
were on the east aide of tho basin. The borings at Khapa 
i in the middle of February 1874. . Both start in the Denwa 
jimriton of At the close of the season, on the Irii June, they had 

j^^ed tht dj^hs of isd and 243 feet. After the stoppage of the gukakheri bormg, work 
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was resaflaed at Khapa and Manegaon on the 15th Janoatr 1876. On the 23rd of April 
work was suspended at the Manegaon boring (at 419 feet), the depth now attained necessr* 
bating the constant attention of the European foreman at one boring. At the close of the 
season (16th May) the hde at Khapa was down to 472 feet. The sections of these borings 
give as yet no hint as to the prospect of finding eoal: the ngcks are throughout the same as 
at the surface, purple and greenish clays, alternating with sandstones, either white or tinted 
by admixture of the coloured clays. In the Ehnpa hole the propprtion of clays to sand¬ 
stones is 198 to 279, at Manegaon it is 219 to 200. There is nothing discouraging so far. 
I have shown elsewhere that the Fachmari sandstone (lower Mahadeva) passes into day to the 
deep; and the change to the coal-measures would probably be abrupt. 

On the representation by the Bailway Department of the importance of a supply of coal 
TawB Valley as far as to the west as possible, the trials in the Tawa ydlc^ were 

commenced on the 25th December 1874 at Eesla, and on the 1st 
January 1875 at the Suktawa, under the management of Mr. A. Gardiner, ic. x. The latter 
is entirely in strata of the Damnda formation, on the horizon of the Bijori beds as described 
in this re^on, and nine miles south of the Bhapur coal-field. The Kesla boring starts in 
the lower beds of the Mahaderas, somewhere in the Fachmari horizon, so far as can at 
present be determined, four miles due north of the Suktawa boring;. yet, 2E the structure 
upon which all these trials depend is favorable, if the JBurakar coal-measures rise again 
towards the north edge of the basin, they may be nearer the surface at Kesla, which is only 
three miles from boundary of the metamorphics. When closed for the season (30th April) 
the Kesla hole had reached to 302' 6", that at the Suktawa to 241'. Clay greatly preponderates 
in the Kesla boring, a hard sandy rock variegated brown and red. The Suktawa rock also 
maintaias the same characters as at the surface, alternations of strong sandstone with slightly 
carbonaceous shales. I do not find in them any grounds for a change of opinion regarding 
the original project; the depths as yet attained are no greater than might occur at a shoi't 
distance from the outcrop. 

There is, however, already the surety from theee borings that mining in this central 

resion will have to be deeper than has yet been attempted in 
Other tetalBreeommendea. _ ”. ^ t , 

India. For this reason, and to provide against the by no means 

improbable event of failure to reach the coal-measures at all in this position, it is certainly 

advisable to commence trials in other ground. Two projects are open to us: to try for the 

measures close to the north boundary of the basin, in a position analogous to that of the 

outcrop at Mohpani; and, to commence the exploration of the Shapur coal-field. With this 

view I have selected four sites for trial borings along the north boundary: one oh the road 

into the Dudhi vallej^, about seven miles west of Mohpani; one on each of the roads to 

Fachmari, close to patches of T^alchir rocks; and one at Lokartalai. For the southern region 

I have selected a site near the village of Sonada. One or more of these trials can be carried 

on at the same time and under the same management as one of the deeper borings in each of 

the river valleys, say at Khapa and the Suktawa. 

« * 

f IL<— ThX WESTBBir SZTBRSrOZr OV TBX SATFVBA BABXK, 

The mention of the probable extension of the eoal-hearing series beneath the 

trap to the west of the known Satpura basin, and the fresh demand for coal for the new State 
Bailway starting northwards from Khandwa, led to the request for an examination of the 
line of ground most likely to thr^w light on the possibility of finding coal in that <^reotion. 
At the end of the season I made a tour to the west of Loitartalai along the direction of the 
north homidaty of the basin. There cannot bo said to be any immediate praotical result, but 
observations have been made confixmipg and greatly extending the conjectore upon which the 
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hope was based: dkeet evidence has been found of the underground ooniinnation of this 
important senes of roeln for some dutanoe bqrond the Emits hitherto known; and an identifi¬ 
cation of SCahadeva rocks has been made far to tho west on the Narbada near Barwai, which 
c^ns ihe question whether some of the so-called cretaceous sandstones along the valley of 
this river to near the coast n^y not belong to the same much older series, and thus, 
be indicators of western coal-fields corresponding with those of tho Damuda valley on 
the east. 

No observation has hitherto been made (or at least published) of any appearance to the west 
of Lokartaloi of rocks closely connected with the coal-bearing series. At page 43 of my last report 
(1872) on the Satpura basin (Mem. Geol. Sur., Vol. X) a brief notice is given of the western 
part of tlie northern boundary of the basin. The following remarks are in continuation of 
those there given. It was said that east of Sali the motamorphics are in force along the 
boundary. This was hazarded on the strength of a small outcrop at Sali, and of their forming 
•the principal part of the range twelve miles to the east on the high road north of Kesla. 1 
find, however, that intermediately there is an important section in which the Mahadevas are 

continuous to the plains. It is south of Zumdui in the Narbada 
valley, and north of Ldlpfini in the Tdwa valley. Along the base 
of the bills north-west of Kesla and Tako the B&gra limestone is in force, with a dip of 30” 
to north-north-west. The overlying sandstone and conglomerate with a low dip in the same 
direction form tho scarp above. From the large and numerous blocks of trap at the foot of 
the waterfbll there is probably an outlying cap of this rock on the bill. The crest of the 
pass north of Lalp&ni is on the southern ridge of the range, on the run (^4he high dip, 30” to 
north-north-wo<tterly, iu conglomeritio sandstone overlying limestone. There is probably 
some slip, or sadden twist along the north of this ridge, for on the sloping high ground in 
that Erection the strong limestone is again iu force, with a low north-north-westerly dip. 
On the rise to the outer crest of the pass the overlying sandstone and conglomerates come in 
again. These breccia-conglomerates are splendidly exposed in tho steep gorge to east of the 
road. In a spur near the mouth of this gorge there is a small Mahadeo rock-teraple in the 
conglomeritio sandstone, having a dip of 3” to north-north-west. A little below this the dip 
rises rapidly to 40”, in hardened sandstone distinctly overlying the conglomerates; there is 
then a band of crushed rook and a trap dike, but within about eighty yards apparently the 
sandstones are again 30° to north-north-west, rapidly falling to 5”. The beds that 
come in hero are peculiar: a whitish sandstqpe (which has been a good deal quarried), with 
partings of white shale and a layer of pyritoos coaly shale. The character of these beds and 
their stratigraphical position at the top of a long ascending section of the B4gra group 
make it highly probable that tb.ey belong to the Jabalpnr horizon, the nearest known 
position of which is capping Chfitar hill sixty miles to eastward. When last seen in the 
stream under Jalpa the beds are quite flat, and end abruptly, with some crushing, trap being 
the next rook seen. This is, perhaps, the most important section we have of the north 
boundary, as it marks so dearly the npbeaval of the Satpura area, or tho depression 
of l^e Narbada valley, along it. It Ulostrates and explains some of the sections to the east, 
espedaEy on the Anjan (op. dt., p. 37). 

About Idx ^Boiles east of Lokartaliu there is a fine section of the boundary under the 
scarp of Budig^id ridge. South of Batki tho B&gra limestone 
oppeard in force’in the low ground at the base of the scarp, dip. 
b^west, under the trap of the vall^ Alot^ the strike to thesonth- 
outd^'^^, lunestone disappears, but there is a much fuUer section d' this 
« of roele^ ^<1C^y form quite a inking range outside the scarp, separated from 
i^ by a ehfdu vd «sis^ fot^tudinal valleys excavated along tho broken unicUual flexure. 
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between t^e nearly boriKonial beds of the scarp, and the same beds tilting down nndcr tlie 
plains.* l^fore these bods disappear the dip flattens veiy mach, or even slightly turns up 
to the north, while near the axis of the flexure it is nearly Tertical. I did not here detect 
any characteristic Jabalpur rock, but'unless faulting interferes with the sequence they 
ought to be represented. The fine Dandiwara sandstone, ^so much prized on the Great 
Indian Peninsula Railway, comes from the top beds of these inclined strata. Structurally 
this section coiTesponds with that of Zun^i, only the flexure is more marked. It is 
important to remark that in both cases the sandstones reach well to the front cd' the run 
of the nearest metamorphic rock. The strike of the latter into the anticlinal axis rather 
suggests that they acted as a fulcrum upon which the overlying strata were bent and broken. 


The weitern Inliers. 


No special disturbance was noticed in the trap on the Moran. In passing to the west* 
south.west on the strike of the little rib of metamorphic lime* 
stone south of Lokartalai, at about a mile distance, there is a 
low ridge. A dear section of it is seen in the stream, showing it to be formed of trap, 
with a central band of gray and reddish clay, all having a dip of 60” to south-soutli-east. 
In the next stream there is a still better section of this continuous little ridge, just under 
S&lei village. The clay band here is calcareous, and is locally fall of Phyta PrimepUf 
the common fossil of the intertrappean formation. The dip is the same he before. The 
ridge passes jnst to south of the village, and immediately north of it there is a strong 
ontcrop of hard conglomeritic sandstone, about 30 yards wide, the dip being 60” to 70” 
to 80 utb*south-east. The trap occurs again immediately noi-th of it. This rib lasts fsr about 
a mile, the intertrappean band being traceable much further. In the Qanj&l at Uskali, 
and exactly on the same strike, there is a stronger outcrop of the same sandstone. It has 
been extensively quarried in the little hill east of the village. The dip here is 45“ to south 
south-east, and in front of it the trap is well seen, although the beds are massive, to have 
the same dip, gradually lowering to 6“ at half a mile np stream. The intertrappean band 
is absent in this section. Immediately below the sandstone there is a small obscure section 
of trap. Two miles further, on the same exact strike, at Kupdsi and Jinwfini, the rib of sand* 
stone appears again, still at 60” to south.sonth-east, and just under it at Knp&si there is a 
small crop of metamorphio limestone. This is the last appearance of the sandstone, at 
eleven miles from Lokartalai. The stmctaral feature, however, is well marked for a much 
greater distance, and exactly on the same strike: south of Padarmati there is an outcrop 
of intertrappeans still at 50” to soutb-sonth-east; in tlie streams at K&thm&khera and 
tiinganpur, and better still in t]^e M&cbak above Magardha, the zone of high dip in 
tlie trap is well seen. Beyond this it seems to die out, being scarcely noticeable in the 
Si&ni below Makral. Magardha is twenty*flve miles from Lokartalai. 

The feature just^escribed is a very remarkable one. The sandstone of these inHers 
would seem to belong to the B4gra rocks; it is qnite like the rock 
found near the metamorphios all along the boundary. It is the 
atructoral featnre that exhibits such a change. Even this might have been anticipated in 
kind: the steady south-westerly dip oi the sandstones on the Moron indicates a depression 
of the formations in that direction; but it was not there detected that the trap participated 
in that disturbance. This fact comes out very fomibly from these western sections; and 
they give one, too, an idea of the magnitude of the event. Edr a thickness of quite 1,000 
feet the trap stfects the same steep dip as the swadatones, which must, one would think, 
carry the latter to at least that depth in the ground to the south. This, of course, would 
put the of coal indefinitely out of reach in this immediate region; tire horizontal 

extent of the feature being qnite in {Hroprartion to tire vertical magnitude. The geological 
reading of it is very puzzling, especially when it has to be taken firom such scattered 
observations as can be made daring *a single march across the ground. 1 con only state 
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Wbother flmlted. 


tiie pazsle M it stands, extraordinary stroiijLiness of tiie feature compels one to 
consider it as possibly connected with faulting. In this connection especially these western 
ontoops mirrt be ti^n as solidary with the rest* of the boundary to the east; for the 
disappearmooe of the sandstones on Idie Badinuu and Zomdni sections is exactly on the 
same line.' The great contrast, however, in the features of the cross-sections to east and 
west makeeit espeoidly difficult^ connect both with one and the same master-dislocation. 

Apart from the fact of remarkable continaiiy and straightness, the primAfade sugges- 
tion of faulting is the same in the east as in the west of the line. 
The abrupt termination, with especial crushing, of the flat sand¬ 
stones at the north end of the Znm&m section, vnth trap at a lower level close-by in front, 
is strongly suggestive of faulting with northern downthrow; the only other explanation 
l>eing the pre-trappean origin of the edge of sandstone. Similar close vertical juxteposition 
of formations occurs to the west: trap is found close to the north of the sandstone outcrops, 
and at a lower level, at S&lei and TJskali, suggesting the same northern downthrow, or else 
pretrappean exposure. The rook itself of the western outcrop does not suggest any difierence 
of throw east and west. Kor is there any excuse for placing the fault (if there is one) 
between the sandstone and the metamorphio limestone at £up&si: the sandstone seems to be 
of the some horizon as that occurring at the same level east of the Moran,—a breccia con¬ 
glomerate, such as is found in natural contact with the metambrphics all along the boundary; 
and at the Moran this ridge of supporting rook strikes into the axis of the Badimai flexure, 
well to,, the south of the supposed iaalt-line. Thus from this more direct portion of the 
evidence, one must, I think, conclude that if there is a fault it is post-trappean, and has a 
southern upthrow throughout. The collateral evidence, with reference to faulting, presents,, 
on the contrary, a great difierence between the eastern and the western areas. The proof 
of a great post-trappean southern depression by flexure at the ‘edge of the stratigraphical 
basin to the wmt of the Moran is now beyond question. This, though perhaps not incom¬ 
patible with a southern upthrow by faulting along the north boundary of the same area, 
certainly does not seem to agree with that supposition. The evidence of elevation, by 
flexure along the same line of disturbance, of the area to the east of the Moran seems 
equally clear, and this would remove the necessity for upthrow by faulting along the northern 
bindery, though not incompatible with the co-operation of such a featuxe. The certainty 
of the post-trappean age of the western depression might afford presumption thai the 
devation to the east was of the same age, opposite effects in adjoining areas being rather 
the role than otherwito in onuitn)OVjEunents;bat I shall presently in this paper call attention 
to the bvidenoe of extensive disturbance and denudation *of the Mahadeva and underlying 
series prior to the outflow <ff the trap. The fact, af I said, is a very important one; and 
if it is established at one point on a .'geological horizon, it must 1^ taken some account 
of throughout. 

HI.— FOBSIBt.E <}OAL-lnBL]>8 OK THE LoWSE 

Finding myself at iShandwa, after a vain attempt to discover any farther mgn of the 
infra-trappean ibrmatioiis along the Satpuras, I devoted a few 
days to inciting Barwai,'where so many different rook-series are 
represented ^tbin a small area. A combination of favorable ciroumstanees, due to the wmks 
of the HolW S^te J^ilway now in aotii^ prog^ESS, put it in my way to add another to the 
iist of of tibis ground. ^ 


aia4 ia< 


4«KaHptibn. of the wtetem UTarbada reg^n was published in 1869 
(iilemcnis, GMl^oalBurvey, Vol. VI, pt. 8), the oiigposl ooloceptiou 
^ the mitahadeva ibmation—that it was quite nacouformable to, 
rocks of the Bainada s^des, and sujpenor even to the 
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B%jinahab--liad not been rectified. Mr. Blanlbrd aooordinglj, in eorrelating Ibe groups of the 
lower ^th those of the upper Narbada valley (which he bad not seen), .affiliated the Lameta, 
and witii it the Mahadeva beds of the latter, to the cretaceous horizon of the fcamier area. 
This view has been so far uphdd as regards flie Lameta group; but in November 1873 
(Records, Qeoh^oal Surrey, Yol. Y, p. 115), the correction ^vas pointed out as regards the 
Mahadevas. In malting so importiuit a change it might have been thought better to adopt 
a new name, but if that were done the correction would not have been sp apparent—the old 
name would have held on in its fidse connection. Besides, the correction was made in tho 
typical area: the Faohmaii (Mahadeva) sandstone is now known to Iftdd a middle horizon 
in a oontinuoasly superposed series, of which the Jabalpur (B^mahal) group is the upper¬ 
most, and the Talchirs the lowest member. The originsd Mahadeva ground contains four 
well marked groups (Jabalpur, Bagra, Denwa, Pachmari) forming the present Mahadeva 
series. 

The correction just quoted led, of coarse, to the view that there were no Mahadevas in 

T M had t ths'lower Narbada area; that all the infra-trappean strata them 

rue s OTSB s . i^iynged to, or were closely connected with, the much 

younger cretaceous group of B&gh. The observation I have now to bring to notice is that 
there am trae Mahadevas at Barwai, nnconformable to the cretaceous beds* of that place. 
The proof of this discovery is due to Mr. Moore, one of the engineers at the railway viaduct 
on the Narbada. Mr. Moore has charge of fbe great quarries opened at Gatta, on the 
upland east of Barwai, on the banks of the Choral, and to which a temporary r^way is 
laid from the viaduct. In the bottom of a small valley, about a quarter of a mile north 
*of his bnngalow, Mr. Moore discovered a number fossil oysttur shells in a,Bhallow water¬ 
course. The ground being qiute flat there was no section; so at my request Mr. Moom had 
a shallow pit sunk, and has sent me the following description’ 

“ r 6'' entirely of oyster shells. ^ , 

'9" Thin bed of conglomerate with fossils imbedded. * 

3* 3" Bed of soft white sandstone; first foot excavated with a pick; the rest 
harder and distinctly stratified with perfectly level beds. 

4' 6" Thick bed (bottom , not reached) of water-worn pebbles and snudl booldcrs 
imbedded in stiff yellowisb-brown clay or loam.*’ 

From this spot, by sinking shallow pits, Mr. Moore traced the fossil-hed (without 
getting to the end of it) to within 400 feet of the scarped upland, about 80 feet high, 
^rmed of the massive sandstone in which quarries are opened over a very laige avea. 
It is a hard white rook with red streaks and mottling. Pebbles (chiefly of Yindhyan 
quartzite) are soatteradsthrough it locally so as to form a conglomerate; but even in the 
clearest sections in the quarries no regnlar bedding is visible, the strings of pebbles, however, 
indicating that the mass is undisturbed. Well marked joint-planes traverse it in various 
direotioDS. It is a thoroughly consolidated rook, though portions of it am mnoh harder 
than others through infiltration of silica from the once superincumbent trap. No earthy 
layer is found in it; and along tiie Choral it is seen resting directly on the nearly vertical 
Byawar fimestone and brecrias. 

One could scarcely desire a more distinct case of a wide geological break than is pre< 
sented in this ^section: the petrographioal contrast is evident enough from the foregoing 
desoription, suggesting in the strongest manner the necessary Jietinction of the fiNnsMions. 
The case for unconformity may not be omisidemd cemetusive: a small fault between 
the oyster bed and the scarp to'east of it^would account for the actual rd^ve positiona; 
• concealed sharp corfe in the bedding woidd have ^e some effect; or even it mifl^ 
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be an original great bank 'of 8an4 with tiie muddy oyeter bed alongside of it. Nothing 
abort of an 'artifioial cut across the rocks could finally dispose of all these ob jeciaona; but 
(Mrtainly tl^ first and most probable explanation is that of original denadation^unoonformity. 
The ineompatibiHt^'of the even approrimate contempoxanrity of sudi rooks as these now 
are, indefinitely increases this probability. 

The oyster bed and its assocmtes are characteriatio representatiyes of the Bi^h beds 
of this region. JlJl the petrographieal charaotera of the Gatta rock point to its being a re* 
presentatire of some memW of the Mahadera series of Central India. I Mled, owing to the 
Huli fesiiral, to get # the laiger area of similar rocks about Kdtkot. I suspect the great 
quarries opened there for the works on the gh&t are in the same rock as at Gatta. 


The observation 1 have just explained has a very direct bearing upon the object of my 

infereafless tocoBl. possible extension of the coal-fields. It has 

not been sufiidently noted that the resemblance of the massive 
sandstones of the lower Narbada valley, especially in the Deva valley close to the alluvial 
plains of Broach, as repeatedly curved by Mr. Blanford, Is a permanent character, and 
would hold true whatever geological rearrangement the original Mohadeva group might 
undergo; also, that the connecting of those rocks with the overlying cretaceous beds is 
^veu with gr^t doubt by Mr. Blanford, more because he had not detected any break be¬ 
tween them, than from any dependence upon their apparent conformahility. This missing 
* link of evidence has now been found, and Mr. Blanford’s ori^nal conjecture confirmed. It 
ia certain that at least some of the rooks in the Western Narbada area provisionally placed 
with the cretaceous formation are not only litholo^incaUy like the Mahadevas, but are strati- 
graphicaUy reUted to the oretaoeous be^ just as the Mahadevas of the eastern area are to 
the Lametas. There is scarcely much risk in supposing that^the sandstones of the Deva 
valley are the same as the Gatta rook; and if so, the position of the Mahadevas as now 
understood would give a new significance to the fact, suggesting very directly tlie possible 
or even "probable occurrence of the coal-measures. It is not for a moment supposed that 
there are outcrops of the Damudas in the Deva valley; and no probable guess can be 
made as to the depth at which they are likely to lie; 2,000 is as likely as SOO feet. 


^ The prospect would include the neighbourhood of Burwai. No doubt the rock at Gatta 
rests immediately on metamorphics; but there are like overlaps of the Mahadevas in their 
typical area. The K&tkot outlier is also very likely to he shallow. I saw, however, at the 
viaduct a quantity of cut stone of the same description from a place near Akhund, to the 
south-east. It is possible this may be the lip of the basin from which Gatta is an overlap, 
and that coal may be within reach. Of its great value in such a position I need not remark. 
I had sent my camp by forced marches to Banker! railway station, and had no means of 
g<nng about, having already overtaxed the hospitality of the local ofllBOrs. 

A general consideration of the case does not discourage these suggestions. The great 
S^nra basin almost certainly had its outlet to the west. Its uppermost strata spread out 
to ^ east over the gneiss’ at the watershed of the peninsula. It is not unreasonable to 
supi^ae that to the west u to the east of India an expansion of the lower coal-baring 
gprdups tome place towards the sea-board, and that the Bengal fields may have undergropud 
eqmvi^nta in (he region of the lower Narlttda. 


^ • .In the avi&hhC 4^)bire to find coal, and in snfiBdient quantify, on the north aide of the 

' Satpara baaln, the alteruative will be to take ttp the most SaCcessi- 
' ^ ^ the awthern outcrop of the mesiWirM. In antl- 

(hiaiWQtiiia^ a aorvay bM been /made j^ tjbat poriaen cl the ground where 
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such tri^b should be oommenoed. Thioaghout the itrbde length of the basin from 
east to west, the Barakars are exposed in a more or less continuous outcrop. On Idie 
east, where unfortunately the coal is in much greater force, the position itf quite out 
of reach of present demand in an upland Talley of the Fench rirer, which is a tributary 
of the Wein Gunga, which, as the Frenhita, is an affluent o^the Godavery. The head waters 
of the Tawa adjoin those of the Fench; but they fall rapidly to a much lower level, flowing at 
first in deep gorges, which soon open out into broad undulating plains. This broad valley 
of the Tawa, though containing some large patches of flat alluvial land, is for the most 
part barren, rocky, and uneven. The high road between HosungabaJ and Betul crossing it 
from north to south is decidedly a rough one. 


The annexed^map represents a portion, about twenty miles long, on the southern and 
western borders of this valley. It is taken from sheets 6, 7^ 
and 13 of the Topographical Survey. The topography is very 
far from being as accurate as is required for close geological work, hut for present ptirposes 
it will suffice in the hands of any one in the least fitted to look after coal. The boundaries 
of the coal-measures are about as close as the transitional character of the formation admits 
of. The other geological features are accurate so far as given, but a good deal remtuns to 
be done in the way of following out trap dikes, quartz reefs, and Uke details. 


General charaoten of groups. 


The first thing to he done is to indicate what rocks constitute the coal-measures, or in 
a wider meaning, the Barakar group. Coal and carbopaceous 
shale are seen to be confined to aspecialline of country; butitsoon 
becomes apparent that the rocks Gontuniog them are not constantly separated from the ad¬ 
joining rooks by any sharply defined features, that in fact, the measures only form a zone, 
horizon, or group, in a closely connected stratigrapbical series. The demarcation of fixed 
boundaries thus becomes a matter of much difficulty, and «mu8t he accepted subject to oor-i 
rection. In the absence, or very rare occurrence, of fossils, the problem has to be worked 
out conditionally from lithological and stxatigraphical data. 


The whole rock-series is composed exclusively of sandstone and clays, the former greatly 
preponderating, except at the base. The character of the bedding throughout is massivoi 
and, as is then generally the case, irregular. It isbnly in the most general way that either 
rook can be raid to prevail in any particular zone. There are, however, some types of com¬ 
position and, of texture more or less oharacteristic of different portions of the series, and it 
is upon these that the discrimination of the several groups in a great measure dq^nds. 
Throughout a great thickness of strata at the base the sandstones are very fine-grained imd 
of a pale greenish-yellow tint; the days are hard, splintery, and silidous; both often endose 
large erratio blocks and other ddbris, forming coarse conglomerate, generally with a large 
preponderance of matrix. These beds form the Taichir group. Above this comes the coal- 
bearing zone, the Barakars; in which the sandstone is generally white, somewhat coarse and 
gritiy; the days being shaly and carbonaceous. The sandstone of the next overlying 
band of the Motor horizon is softer than that of the coal-measures, more earthy and of 
mixed composition, and having corresponding gray, brown, and greenish tints; tire days are* 
lumpy, sandy, and ochrey. The distribution and the relations of these groups will appear 
from ^le descriptiou of the locd sections. 


The difficulty of demarcating the several formations is much increased by the ffistorb- 

V aoc®* that have affected the whole aeries, produdng intricacies 
Oonditiona of dbtnrbanoe. 

« in the .boundaries very troublesome; to make out where the pri¬ 

mary characters of the groups are so undecidsd. The dips are not often high, hut they vary t 
much; and faults are numerous, some having a great throw. There are also many trap 
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,d)k«s end quarte vdng or reefii. These are seldom ommeeted iritib actual dislocat^ts of the 
strata^ but lihey often dugoise the mineral ohamotere of the rock, and thos obstlbct the 
identification of ipidated outcrops. 

Hie sontii boondaiy of the area under notice is the base of the sedimentary series,—the 
• 1 %*. .ja, V. n junction of the Talchir group with the gneissio and schistose rocks 

forming the highland of Betul. For the most jwrt the contact 
ootnurs in tiie low ground along the base of the hills of crystalline rocks. It forms an exceed- 
ingly indented outline, being in fact the intersection of two very i^gular surfaces—the 
present ground surface with that of the original floor of deposition of the Talohirs. The 
actual contact is frequently exposed; nowhere better than in the Phopds (at the south-east 
comer of the map): the goeissose sokists are denuded in the bed of the river, and for several 
score yards along the left bank the Talchir boulder clay is seen resting flatly on a rough, sharply 
weathered, ancient surface. At some points this boundary seems to be a faulted one, as in the 
section of the Amdhana stre^ at the south base of tbeBhaorgarh ridge; the contact here is 
very steep and crashed, and is moreover on the run of the Machna, north-east to south-west^ 
fault. In the west, at the head of the Bhoura and Sdki valleys, the Talohirs rise to a consi¬ 
derable bright, forming the upland about Eota, between' the Bhaorgarh crystalline ridge on 
the south and &e basalt-capped ridges on the north. The formation is splendidly exposed in 
the scarps of this small p]atf»u, west of Mura village. The exact position of the south bound¬ 
ary has only been fixed at a few points of our area*, the intermediate portions being left on- 
ooloured in the present map. 

The northern limit of the area to be described is an arbitrary line in the great sandstone 
deposit overlying the coal-measures. These beds belong to that 
Korthem limit of map. middle portion of the Damuda series of the Satpura basin indi¬ 
cated in my former paper as the Motor horizon, in which carbonaceous matter seems to be 
altogether wanting (but reappearing in the overlying beds of the B^ori horizon). The days 
of the Motur group are often slightly ferruginotj^s. 

The Motur-Barakar boundary-line is, on the whole, well defined. At several distant 
•, places, as Dolari and Kosmeri on the Tawa and below Sonada on 

Hotor-Bsnlux bonndwy. Bhoura stream, the contrast is very well marked between the 

hard white sandstones tiie coal-measures and the softer earthy tinted rocks above. On the 
Tawa below its confluence with the Machna the distinction is not so marked. Some other 
parte of the boundary are only approximately accurate on account of the covered condition 
of the ground. 

The base of the Barakar group is very vaguely definable as a strict geolf^cel horiaon. 
« V M iw. characters of the two deposits are not only blended verticafly 

c r oBCanr. iaterstratification, but it would appear as if this also occurred 

bpi^izontally'—beds of deoi^d Barakar type in one place being represented by as decided 
Talripur risewhere. Thus it may be that the line given is not truly equivaknb in difler- 
ent pariB of the field. This feature will be indicated in the descriptions of the diflerent 
sections. 

The pbyrietd features suggest the division of tiie area into fofir portions: on the east a 
tern suMrifai igufte dstsclms tbe poMri outcrops from those Ibwer 

i.Jdown the Tawa; the grari:Jlachna fault cuts off this second area 
fsel|il.|%st trsvessed 4^ S4ki» and this again is separated from the Sonada outcrop^ in 




a steep ridge of indnrated sandstone along a vein of quartz 
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In the Tawn under Dol&ri vil^tage there iar the fullest section of characteristically 
Barakar rocks within this whole district. The steep narrow 
ilotnrbsds. Lodadeo-Baramdeo ridge has a back-bone of vein quaiiz, and 

the sandstone is fisgnised beyond recognition. In theif^mall stream close under the 
north base of the ridge, thick, soft sandstone and red and green clay have a northerly 
dip of 20°. It would seem, therefore, that the main part of the ridge must be formed of 
these Motor rocks. In the Tawa, to the north, these same rocks have a low south-westerly 
dipi Below the KaridNtream, the dip is 3° to south on both banks of river for half a mile, 
and then turns up sharply to a south-easterly dip of 20°, lowering to 10° near the quarts 
vein which crosses the river obliquely to eaBt-80°-soath in the direction of Lodadeo. The 
same rocks, with a more easterly dip, appear below the quartz reef up to the trap dike which 
crosses the river to 80uth-35°-weBt, immediately under the eastern village of Dol&ri. The 
dike does not disturb the strata, the same strong bed of mixed earthy sandstone appearing 
on its west side, where it rests directly on a bed of coal. 

The change of formations is thus UthologicBlly as abrupt at this spot as it could be; but 
the parallelism of stratification is unbroken. The coal is only seen 
just under the sandstone, the rest of the outcrop befbg covered up; 
but there is room for a large seam. From beneath it there rises a strong bed of white fels- 
pathic sandstone. Immediately under this again coal is seen for a pmall thickness, the rest 
of the outcrop, full twenty yards wide, being concealed. Below this, for 130 yards, there is 
white sandstone; then again coal. The covered outcrop of this seam is 40 yards wide, in 
which some layers of dark shale can bo traced under water, but there is room jPor much coal 
in the unseen portions. There is then 60 yards of sandstones, and below it 20 yards of 
covered outcrop with coal at top. This fourth seam is also underlaid by strong white sand¬ 
stone. These 360 yards of section, with an average easterly dip of 12°, represent about 200 
feet of strata, containing what may be four strong seams of coal. I saw nothing to suggest 
that any of the outcrops are due to repetitioi|^y faulting. 

There is a marked change in the character of the underlying measures. The thick 
rough white sandstones are replaced by sharply defined hard ^ 
flaggy beds, very fine in texture and of dull greenish-yellow ' 
shades, more the Talohir than the Barakar type of rock; but tibe alternating shales are 
copiously carbonaceous,, and with some strings and thin beds of br^ht coaL There is more 
distnrbtmoe in these beds, the dip being sometimes as high as 30°, but in the same easterly 
direction. The thickness is about 100 to 150 feet. 

Below these thin measures there is still a descending section £cr over hdf a<mile to 
where a run of quartz crosses the river from north to south. 
The only rocks seen in this reach are thick sandstones, in com- 
porition mid textu]|^ mostly of the Barakar typ^ though some would pass as Talchir, 
especially the lowest bed a^oining the quartz vein. The intervening earthy beds are com¬ 
pletely covered; I conjecture that they are of Talohir type^ not carbonaceous. I have, 
however^ coloured the whole as Barakai^ net to complicate this smaU area with boundaries 
of doubtful nature and position, as undoubted coal-measurM occur a^^n close by. The 
thidknesB of these lower bids may be 600 to 700 feet. 

The quartz van just mentioned oecurs on a brokmi antkBaal aiis ; the silica simply 
filling the' many craoks in the fraetiued suidstone, some central 
ones bring much stionger than fh«' rest. The levense dip is seen 
in the Indurated rock fbimmg the reef, below whirii tiiere is a 
blank of some 300 yards to where sandstone appears in ioxea in the left bank at the eon- 


Middle beds. 


The Pleads: section and 

fault. 
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flaeuce with the Phopia. It is a typical ^rakar sandstone, and dips 8onth*westerly at 16^. 
.iniis rock forms &e left bank of the Tawa for a quarter of a mile. It becomes' much 
ornsbed and silidfied, and is finally out out by a run of broken Talchir rock agglomerated 
by silica. ITp tbe Phop&s, there is an ascending section for some 200 yards, the upper beds 
having eomewbat title aspect of Motor sandstone; and they abut at a moderate angle 
directly, la^nst the suue omsned mass of Talchira. There is clearly here a &ult of 
yety considerable throw. The ridge of crushed and indurated Talchir rook is about 40 yards 
wide; and immediately on its south-west side the boulder-clay is quite undisturbed. 

In the small stream running parallel to the Phopfis under the %odadeo ridge, and at 
100 yards from the Tawa, there is a two-feet seam of bright coal, 
covered by strong sandstone and resting on thick carbonaceous 
shale. The dip is 23" to west-south-west. For more than a mile in a direct line typical 
Barakar rodis are exposed at intervals up this stream ; the dip is very variable in amount 
and direction. The last outcrop, at west-6"-north from Lodadeo, is a white sandstone, dip¬ 
ping north-easterly at 15"; Talchir clay occurring close behind it at the same level. The 
fault here is unaccompanied by any crushing or vein rock. 


The Lodadeo stream. 


The DoUri fimlt. 


The above indicate all the outcrops in the Bol&ri area. The continuation of the measures 
dong the south base of Lodadeo has not been followed out. In 
the stream north of Dol&ri, I fully expected to find the repetition 
of the ipain section in the Tawa, the ground between being quite flat, with nothing to sug¬ 
gest a great break in the rocks. At the nearest point, however, just to north of the village, 
typical Motnr beds occur,* having a low southerly inclination, and continue so to westwards. 
8 [n proceeding ^own the westerly reach, there is a run of fracture with quartz veining ; 
and the dip increases, through an ascending section of the same sandstones, to within 
300 yards of the Tawa, where it is 30" to south-south-west. The actual rook against 
which these sandstones abut is not exposed in the btmks of the stream; but a little below 
its confluence with the Tawa, there is a good section of one of the reefs of broken rock 
cemented by quarks infiltration, so frequent in xnis region. I believe the rock it includes 
to be Tdchir; but owing to the small sode of the map, I have not complicated it by 
attempting to represent these small and obscure outcrops. Tdchir clay is seen at severd 
pmnts with a low northerly dip on both banks throughout the Baspur reach of the Tawa. 
There can be no doubt of the presence of a great east-west fault, having a northern down¬ 
throw of severd hundred feet, bounding the Bolfiri cod-field on the north. Two miles east 
of Dol&ii, at the angle of the stream south-east of Siwanp&t, there is an outcrop of broken 
and silicified rock on the exact run of the Dol&ri fault. The whole country here nortii of 
the Taws is deeply covered by sml. 


Hie for a boxing. 


A boring in the gr^^ly between the two villages of Dol&ri 
ought to cut dl the coal within 250 feet from the surface. 

ThB SitaOHNA AfiSA. 

The Dol&ri fault is wdl seen in the Tawa at the bend below Baspur. A mass of crushed 
Talchir rocks indurated bf silicioua inflation projects into the 
river from the west. Close under it cm the left hank, massive 
e^te Bardtar sapiddx^ is seen dip^(^ at a moderate angle from the fault; hut within a 
it * low son^erly inriination. yrhich lasts throughout this north- 

of the river;,|i^ as far as a pair of at^ng trap dikes onttiUg very obliquely 
BaiP-werid|i|^^ under Gold. The sandstones throughout , 

this UtBgtii deddM unless repeated by fkultu^ (of which tiiere is no- 


The GoUt moh* 
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appearance) they represent a thickness of 700 to 800 feet. The outcrop is very little iu> 
terruptecC bnt no coal is^ seen; and such earthy beds as are exposed are only slightly oar- 
bonaceouB» yet nearly the whole group must be here exposed.. 


The two great trap dikes south of GoM about correspop^ with cm anticlinal dexnre. 

The ati fru rrstih mouth of the Gonapur st^m they are beautifully exposed, 

cutting sharply through a strong bed of fine pale greenish-yellow 
sandstone of decided Talohir character. It contains, however, small strings of bright 
coal; and the gray sandy clay under it, as seen up stream in the Tava, is slightly car- 
bonaceous. The low ifbrtherly ^p of the sandstone is not in the least disturbed by the 
dikes, each about 20 yards wide. The sandstone is continuous down the left bank of the 
Tawa, gradually rising to the west and then to north, where the gray clay rises with 
it. Under this another strong bed of fine sandstone crops up in force, ending at a line 
of broken and crushed ground. As in the Dol4ri area, I have coloured these doubtful 
beds with the Barakar group. Beyond the crush, which may also include a small fault, 
a very typical Talchir rook appears, massive greenish-gray splintery clay with thin 
bands of hard compact limestone; it is overlaid by thick sandstone like the preceding. All 
have a low northerly inclination, soon becoming quite fiat, and then turning up to the 
north. These beds are very well seen in the stream between Silapti and 4he Tawa, and 
threads of coaly matter are observable in the sandstone. They end along a marked line of 
fracture crossing the river to west-30''-north; some Barakar-like sandstone occurring im¬ 
mediately to the north of it, and then there is a blank of fifty yards in the section. 


It would be impossible to follow closely the lines of this Silapti inlier to east or west, the 
ground is so flat and covered with clay. In the stream north-east of Qolqi only Barakar 
beds are seen, with some crops of very poor coal. The feature north of the Golai dikes is, 
on the whole, a blunt wedge of lower strata exhibiting two fiat synclinal folds with inter¬ 
vening crush, eleveted with &ulting, and throwing off the coal-measures to the south and 
north. 


The Teninl reach. 


To the north of the blank in which the* last section ends, thin-bedded measures come 
in with carbonaceous shales and poor coal, probably repreienting 
the middle measures of the Dol&ri area. The dip is at first 
southerly, soon turning over in a flat anticlinal, and the northerly dip laqjp up to the con¬ 
fluence with the Machna. The outcrops are nearly continuous throughout, strong sand¬ 
stones of undecided character; the few emrthy partings being also uncharacteristic, and but 
faintly carbonaceous. The whole are, however, Barakar. A thin seam of coal occurs under 
the great sheet of sandstone on the left bank, at the Temni ford. 1 saw nothing to sn^est 
a concealed outcrop of strong coal. 


So far, in what might be called the main section through this Machna area, there is 
very small appearance of useful coal deposits. It was frmu out- 
The itodtopnr ontoraps. Maohna itself under Mard&npnr that the large quan¬ 

tity of coal was taken which gave such satisfactory results in a trial on the Great Indian 
Feninsola Bailway in 1873. From the confluence of the Maohna and Tawa a great sheet of 
strong TfafftW sandstone rises gently to westvmrds along the bed of the former stream. 
Under Bonri a long deep j^l has been out by the water tbroi^h tiiis rock into an imderlying 
eartl^ bed, which is qmte concealed, the same mass of sandstone continning above the 
pool and extending on the left bank up to where the river bends to the west-eouth-west. 
For’a hundred yards or so near the bend the sandstones on the i%ht bank have a consider¬ 
able north-westerly dip; and in the bed of the river is visible the crack along which, by 
fiaultiug, this abutting stratification takes plaM; There tnuft also be a eouth-westerly or 
some equivaimt'Iine of ftaoture at tlm back of this upbeaved mass of heda^ It is at ^e 
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top of thio Httle seo^m tiiat the ooal seams oeoor, oattiog vexy obliquely across the-river 
b<i4. At every «vaitaUb point oi the outcrop, along a length of ^some sixty yards, oofd was 
out on both sidm of the river. The holes are now filled in, and little can be seen. Tliere 
ase two SMms, the lower one apparently with a strong parting of shale. There did not 
atwm to be in dther seam roofn for vaore than four to five feet of coal. The dip is SO”. At a 
short distance up stream the dip changes to north-east, and continues so up the next, north- 
south, roach. I conld not find that the seams are repeated on the reverse ontcrop. 
There is thus here an oblique synclinal flexure, sloping towards the main fault, and the 
oontiuuity of the ooal at this spot is therefore closely limited. The place seems, on the 
whole, very unpropitious for mining operations. 


The next north-westerly sweep takes the river for about half a mile across the main 
fault into most typical Talchir rocks, the massive fine clay with 
Tije Kotm on. bands of dense, nearly black, limestone. Above this there are 

again BAwihpr beds, showing an east-west fiat synclinal, south of which a veiy massive bed 
of sandstone rises to the next bend of the river. Beneath this rook, along the east-west 
reach, a band of flaggy sandstones and coaly shales is very well jexposed, and the same are 
traceable for some distance up the gully draining from across the fault to the west. All 
have a moderate northerly dip, and at the head of the island, at the southerly bend of the 
river, they are regularly underlaid by the fine Talchir sandstone. These flaggy measures 
may correspond with those already noticed twice on the Tawa. ^ 

Hitherto we have only seen broken sections between the Barakars and theTalchirs. 

In the Machna the sequence is quite continuous; and if the 
TfaelWoliinoatlisirMlMis. conjecture regarding the identity of the flaggy coal-measures 

here and at Dol&ri be correct, the contrast between the underlying beds in the two 


sections is striking: at DoUri the Barakar type of sandstone prevails, while in the 
Machna, from below the flaggy coaly beds a mile north of Shapur, we meet only rocks of 
Talchir character. There is another feature in these beds on the Machna different from 
what is found to the west—the sandstones are irf force down to a low horizon in the series, 
altemating with the boulder clay and even containing large erratic blocks itseE From 
the Mftftlinn. the section was followed to the south boundary up the stream flowing near the 
high road. The moderate northerly dip is remarkably steady throughout, and unless there 
are repetitions by faulting the tiriekness w(Mild be over 2,000 fiset. From the top of the 
section there »e broad intervals between the successive crops of thick fine sandstone. The 
^lays which no doubt ooour in these spaces being quite concealed, an important aid was 
misssd in firing a fair boundary for the groups; the presence of carbonaceous matter was 
thus also not ascertainahle. I did not hit upon the clay with limestone which is peouliar to 
the Talchirs, though not confined to a particular horizon. The bcraXdaty I have given is 
oertainly Ugher than that taken elsewhere. Locally it is the best marked line in the series, 
and for ooBl.Beei!ohing purposes the most suitable. I had not time to work the questimi out 
m(«u minutely. 


The Kiehna fault is quite as well marked as those in the Dolw area, and has netwly as 
. fifraat a throw. ®re upland to the north-west of it is almost 

Tlw MawM fSBi sntajrely formed of Talchir day, except the hiUs north-west and 

north of Bhftpur, whkih are mos% tu^dstone, perhaps partly Bmkar. The Barakars socu^ 
py the losr the rivmr. The tun d tlm fimlt is very steady; the bulge appear- 

Inr H on $1^* ^ due to inoorreet plottiug,of the river course. At both points 

whsM/i^ cufo the l^K^^^exu is much coiriusioB oi the stratification, with infiltrarien of 
l at the whsiu 1 got a view ef ^ aotnal plane of contact, the fisature 

fo veiy^a^xi^ daS^^ oeoun mu small gully,*^^ithm hfty yards of the river at the 
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north-wetj^terly elbow above the Mard&npnr coal crops. l%e exact liuo is not traceable in the 
covered ground north of Douri, nor can it be fixed on the Tawa. It has probably died out 
in that direetion, as all these features are cletfly connected with the special disturbance of 
the stratification along the margin of the basin. To the south-west the fault is seen at the 
base of the range of gneissic rooks at the month of the Au^ana gorge. Its continuation 
up the valley has not been followed out. 


For reasons already indicated, I should not advise any outlay upon an attempt to mine 
Site for s boring seams in the detached block of measures south of Murdanpur. 

If there is any continuity in the measures, the seams should bo 
found in a favorable position away from the fault-ground. A good site for a boring would 
be on the left bank of the'Tawa, a little belpw the confluence of the Macbna. A depth of 
400 feet here would probably prove the whole of the measures. 


Thb Suei abba. 

The east end of this portion of the field, about Bhumkadhana and Eosmeri, is hopelessly 
Kosmeii concealed and obscure. Prom isolated outcrops and the frequent 

occurrence of vein quarts, it is plain that the strati^ation is much 
disturbed. On the left bank of the Tawa at Eosmeri there is typical Barakar sandstone, 
and on the right bank as typical Motor rock. At a few feet from the base of this latter 
groap there is all along this portion of the boundary an extensive exhibition of trap rock, 
appearingkigenerally as a sheet-dike along the outcrop of a massive bed of rusty clay. * This 
character is well displayed in the Loh&r river, where there is a wide spread of the sandstone 
covering the trap at a low angle, and broken and altered by it. * 


In the Sdki itself there is an unbroken section, including apparently the whole Barakar 


The.SCkl Bsction. 


group; and if it is so, the promise of coal is very poor indeed, 
there being no scam of workable thickness or quality. At the 


very mouth of the river the strong white Barakar sandstone is in force; typical Motur beds 
appearing a little to north of it on the left bank of the Tawa ; all with a steady northerly 
dip. At top of an irregular earthy parting in this band of massive sandstone, there are 
three inches of platy coal. Up stream, in a short west-south-west reach, under the top 
sandstone there is a flat section of very irregular flaggy sandstone showing already some 
Talchir characters. Above this there is a long north-south reach with no strong crop, bnt on 
right bank the section is almost continuous; a low northerly dip in soft sandstone and sandy 
mioaoeouB shale. Two of these beds are carbonaceous, with mere strings of coaly matter. 


the associated sandstone being persistently fine, earthy, greenish. From the upper end of 


this reach to the causeyjy at the road-crossing there are continuous crops of strong fine sand¬ 
stone with a few thick irregular partings of sandy micaceous shale, fkintly carbonaceous in 
strings. Tbe flat reach above the road is along Hie top of a lower band of softer, finer sand¬ 
stones, below which the Talchir clays come in with scarcely any lwsociated sandstones. In 
this section the characters of the two groups are run together in a very puzzling manner: 
the Talchir-Barakar sandstones are clubbed in force with intwspersed carbonaceous matter. 
The boundary adopted is a very marked one, but manifestly on. a lower horizon than that 
tdken on the Macbna. If the section on the Machna were to be interpreted by tbe analogy of 
that on the Sdki, the base of the Barakars should be taken wdl to ^e south of Sb&pur. 


The question of coal in this locality turns upon whetissr the shales observed become 

Doubtfal nrospset of coal ® “Ot 

here. 1)0 suppressetlyfaulting; 1 noticed no direct evidence fertile 

latter supposition: there is no doubt much quartz-vtiuitlgflcn^ the bounditfy at this spot, 

but I do not think it b connected with^ting; such is tartly and bdirectiy the case with 
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The north boundary. 


The coal'measures. 


the many ruifs of vein>qaartz observed throughout the district. The conformable succession 
of strata here seems unbroken. There is also little encouragement to adopt the other Bap< 
position. I would rather connect the want of coal here with the other peculiarities noticed in 
the original characters of this formation in this position. 

Jn thqleft bank of the on the strike of the ridge oi indurated rocks separating 

Wsstof thoBdkl Bhoura and Sdki streams, there is an excellent section of the 

bottom Motor beds. There are two strong hands of mottled sandy 
(days overlaid by thick sandstones. These latter pass up to form fhe crest of the ridge 
along the quartz vein. The extension of the Barakars along the base of this steep ridge is 
quite covered up by debris. 

The SoKiCDA akba. 

The point at which the Motar>Barakar boundary crosses the ridge of induration is put 
in inferentially, from the apparent structure, the rocks of the ridge 
being too much disguised for close identification. The position of 
the boundaiy on the Bhoura Kadi is well defined. In the reach to soath>east of Bandabir the 
massive greeniBh*browu and mottled purple clays of the Motur are in force. A lower baud of 
the same appears near the bend of the river to east-by-south of Sonada. To the west, along 
the flanks of J^mgarh, these bands, if present, are concealed by talus. But I rather think 
they die out to the rise: the sandstone forming the east flanks of the hill are seen to pass 
down into the low ground to the north; at the high level they are porous and conglomeritic, 
while k)w down they become earthy and fine grained. « 

The Barakar beds ore fairly exposed for several miles along the Bhoura stream, the 
course of which is very oblique to the strike of the formations. 
For this reason and the doubtful accuracy of the map, it is im< 
pqssihle to be certain whether two or more of the outcrops may not belong to the same 
seam, or to assign an approximate thickness for this group. It is certain, however, 
that the coal*meaBure characters are more pronounced than on the Sfiki. The top rock 
is as usual a very strong white sandstone. Under Sonfida, near the top of the long west* 
by>north roach of the river, two poor qj^rings of coal occur in local partings of this rock. 
Above Son&da there is a succession of south-westerly reaches, across the measures, and west- 
north-westerly reaches more or less along the strike. At the northerly elbows between the 
four first pairs of these reaches coal is seen on the left bank under strong sandstone. The 
first two are, 1 think, the same seam, and also the third and fourth, at a lower horizon. From 
one to two feet of coal is seen in each (uise; bnt there is room for more in the concealed 
part of the outcrop. There are besides several bands of covered ground in these sections 
that may contain coal. To the west the whole group passes into the base of the Jfimgarh 
range, and is obliquely overlapped by the covering trap which passes across it to rest on liie 
Talohirs west of Teter. The first scarp north of Teter is of coarse Barakar sandstone, 
looqlly altered by the fiverlying basalt. 

Here again we fin^ an instance of the mutual accommodation that ooanxB between these 
The groups; as the Barakar type of sandstone, and, with it true 

' . * coal deposits, increases, the Talchir stamp of sandstone deiu^eases. 1 

have st^ Mft aeonsiderable band of these lattw wiiUiin the coal-measnies boundary, so as to let 
it correspond the continuous line in the Sdki area; taking as top of the Talohirs the first 
Appearance xoilMdve, fine, silimous clays with thin bands of hard compact limestone 

^ this there are still some strong beds of the fine yellowish sand- 

yei^ Talohir (day is deeply weathered out in the broken ridge south 

^ veinfipaaBing veriieally through it. Lower still the boulder 
' gie i|ijen^^>|iil^po«ed in ihe eaitexn scarp of the Kota flateau. 
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Site for boring. 


The high road (it only deserves the title ttim the causeways and culverts constructed 
across the watercourses) passes through the Suki area, which, as 
has been shown, ofFers the least promise of coal. For any 
really effective roadway from the north, Sonada is much the nearest and most accessible point 
of the coal-measures. There is no serious obstruction to oigercome between it and Dh4r on 
the present road. For this reason it is here that a first attempt should be made to prove 
the ground for a workable coal, although the apparent prospect of success may be less pro¬ 
mising than in the Macbna or Dol&rl area. In choosing an actual site for boring one might 
at first be inclined to avoid the visibly barren ground at the top of the measures at tho 
bend of the river just above tho village. Yet, as none of the outcrops are very tempting, 
the object should be to tost the whole measures a little to the deep of the outcrop. With 
this in view I should take up a position immediately to tho north of Sondda village. When 
there is such uncertainty as to the thickness of tho measures it is difficult to assign a depth 
for a boring. If 400 feet at Sonada did not clear all tho measures, the remainder could be 
tested by another shallow boring half a mile to the south. 


Tbap. 

The few trap dikes that occur are not likely to prove very ti^oublesome. The only one 
soon in the Sonada area is close to the Talchir boundary. There are none in or near tho 
Siiki section. None is seen either in the Machna. A ten-yard dike stops just short 
of its lefb’bank, at the mouth of tho little stream south-south-west of Douri. It is very 
remarkable for its finely developed prismoidal structure.- Two small dikes cut across the 
Tawa, just below the mouth of the Machna. A boring here might be (lloccd between 
the two, or below the lower one. Several fine dikes cross the Tawa within this area to 
south. In the Bolari area a strong dike crosses the river immediately above the outcrop 
of the coal seams. 

The general habit of tho trap dikes is to coincide approximately with the lines of 
flexure, and therefore with the locid strike of the strata. The great dike at Kamti and that 
north of the Tawa at Kosmeri cut across the Strike and parallel to tho Machna fault. 
There are some good instances in this field of the tendency of intrusive trap to i-un out in 
sheets at the contact of thick clay bunds with strong overlying sandstone. The broad run 
of trap along the north bank of the Tawa in the Kosmeri reach is a good case of this, as 
already mentioned. There is also a very good example of it in the Talchirs on tho Ply>pas: 
a band of hard sandstone is seen broken or tossed about upon an underflow of trap. 1 
am disposed to think that the cotemporaneous trap said to occur in the Talchirs elsewhere 
is only an exhibition of4his phenomenon. 

I have seen nothing to disturb the opinion I have already expressed that all the trap in 
these formations,is of the age of the Decesm rock. There is exc^lent evidence within tho 
i-ange of our map of the advanced denudation of these formations at^the time of its outflow. 
The trap forming the summit of J&mgarh is fully 800 ^feet thick, the top scarp of Motor 
rocks having an elevation of about 2,000 feet. ^At a distance of little over two hiiles, in the 
gorge west of Teter, the trap is at the lowest level. Hie fiwt of there being no infratr-ap- 
pean deposits in such a position only shows that even then this must have been an upland 
gorge. There is one mode of occurrence of the trap that sng^esis at first sight an opposite 
conclusion regarding the periods of denudation. The best case |n point I noticed this season, 
about twelve miles to the east-north-east of Dolari: a very strong dike, traced for several miies 
along the low ground, cuts straight up tho west face of Kitandco hill aud forms a ridge on 
the summit. It is certain that when this occurred the whole of tho present low ground Wga 
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filled with ro^; but it is quite open to supposition that tho filling rook was in great pirt 
trap. The unquestionable fact, that the main Karbada valley itself, formed on the bohtli by 
Boarps of M^adeva strata, is re.excavated out of the covering trap-formation—^the floor of 
the valley being still of this rock at many places in front of tiie Mahadeva scaip—reinovee 
any apparent improbability in such a coiyecture as that here made regarding the inner valHes 
of the basin and the pretrappeal denudation of the Mahadeva formation. A just estimate 
of this Ibature is an important factor i^ our judgment upon the time-relations of the Maha¬ 
deva series, the top member of which is tho Jabalpur (Bajmahal) group, in comparison with 
the Bagh series (cretaceous) in this region; and also upon the distinction of the Deccan and 
Itajmahal trappean formations. 


Qitaktz-veivs AKn FAtrim. 

The frequent occurrence of strong and continuous quartz-veins is perhaps the most pecu¬ 
liar feature of the southern zone of this rock-basin. Along tho 
Qusrtz-Teini: composi on. northern margin, where the contortion of the strata is locally 

greater than here, I have not observed a single case of qnartz-veining ; and in other basins 
of these formations the thing is almost unknown. There is, however, one marked feature of 
these veins thdfc has long been familiar to us in many parts of India in metamorphic and 
transition rocka—a peculiar pseudomorphic structure, thin shining plates of pearly white 
quartz, either in parallel arrangement or confusedly entangled, with empty interstices. I do 
not recollect noticing this form in vein-stones of other countries; but in India it seems to 
be nearly universal. The fine lines on these shining plates have suggested that they may be 
after micaceous iron. Stains of iron are common, but there are no signs of any other metal 
in these veins. There is often associated brccciated quartz. 


Not fluxlt-rock. 


Tho whole rook was for long currently designated amongst us as ‘ fault-rock.’ In highly 
contorted and altemd strata, where this stone was most familiarly 
known, it is generally difficult to establish the fact of faulting; but 
in these little disturbed and unaltered deposits tho evidence is often complete. From many 
observations made in this field I can sap that this rock seems rather to shun a connec¬ 
tion with faults, as if they were related to opposite results of disturbing actitm—such as if 
faults occurred along lines of maximum compression and these veins along lines of tension. 
The vein forming the core of tho ridge between the S6ki and Bhoura streams is at least 
eight miles long, varying JBrom one foot wide in the Talchir clays to six feet in the sandstones, 
lu thtf masivo anstratified clays vertical dislocation might not ^ detected, but there is little 
or no sign of crushing or rnbbing alongside the vein, dear sections of which are abundantly 
exposed in the broken ridge south of Teter. In the sandstone it is qgitjp surprising how this 
fissuring of the rock and introduction of foreign matter does not even locally derange 
the moderate dip of the bed: an indurated shell of sandstone variable width commonly 
adheres to the south face of the vein, to the rise of the dip; and in this, as well as in the 
ahrips of roek enclosed ^ the ramifications of the veinstone, the low nortirerly dip is uniformly 
undisturbed. The best defined and most oontinuous of tho qaart 2 i.ranB correspond with this 
description. The few oases where the quartz appears locally near the Dolari and Machua 
foults i&4^t ho quoted on the other side; hut besides that these spots are quite local com¬ 
pared with the length of those faults, it eon generally be seen, as in the Tawa and the Fhopfis, 
thnt the qunrtz is located in broken iC^ures ^joining the fault, where no vertical displacement 
Imp <K!narr«d, and dpsa not represent what is properly designated by the term fault-rock; it is 
Frinsttme. One of the veins which have given rise to the group of sandstone 
ridgH north-west of Shdpuv is seen on the palh^ descending the Amdh&na gorge to the 
■outk to run continuously into the gneiss as a oomb-v^un one foot wide. 
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Tfa^ stmoiure of some of these rnns of Tein qoartz ie peealiar: the small Teios of which 
^ the reef is made ap are not alwajs coincident with the general diree* 

Peculiar local ctmctwe. of Bhoura the com^nent veins are 

nearly normal to the direction of the aggregate. In the Tawa above Temni the run of the 
quartz rib is east^west, while the veins composing it lie north-east, south-west. It is per¬ 
haps conceivable that ‘ colliding* earthquake waves might setter the rock in this manner. 

The induration and metamorphism of the sandstone that occurs in connection with this 
infusion of quartz is sometimes remarkable, as it takes the form of 
Peculiar induration. felspathisation, the development of innate crystalline felspar. I 
noticed this at the contact of the Lodadeo reef in the Tawa. It is important to find it in 
this connection, because the most marked case I found of this form of induration is not 
visibly connected with any veining. It is in the small hills on the Bhoura stream south¬ 
west of Band&bir. They are formed of sandstone having quite a granite-like hardness ; 
the porosity of the sandstone is not destroyed, nor is the earthy matrix quite obliterated; 
but bright glassy facets of a felspar are disseminated, manifestly innate; and it must hold 
the whole in an invisible bond to account for the peculiar hardness of the rock. 


The well-marked faults within the stratified series form another pecnliy feature of tills 
Faults* region. We are familiar enough with the word ‘fault* in the 

northern region, about Mobpani; but they would be correctly 
termed slips in comparison with the principal faults in the Sh&pur field, where top Barokars 
or even high Motur strata are brought into contact with middle or lower Talchirs; In which 
cases the throw must be from 500 to 1,000 feet. 

Notwithstanding the dimensions of those faults, I cannot look upon tfiem as anything 
but local features, not merely in the literal and obvious sense, but 
as connected with and determined by pre-existing local conditions. 
The Machna, north'east-south-west, fault runs with the crystalline range of Bhaorgarh ; but 
I cannot regard them as concomitant effects of elevating action. I ratiier connect the &ult 
with a pre-existing feature of thq basin of deposition, of which there seems to be coinciden t 
evidence in the marked change in the character of the Talchir strata along that line. 


Local rolatloDB. 


The only noteworthy instance in India of Barakar deposits occurring at a high elevation is 
on the continuation of these outcrops to the east, in the Bench valley. 
Different 0333 appealed to as a sufficient refutation of the ge¬ 

neral remark that the areas of Barakar deposition oorresppnd in a 
recognisable manner with the existiHg depressions of the peninsula. The objection, however, 
will not hold if it is shown that the apparent exception is due to local elevation; and>thA 
seems every prohakiivty that such was the case. But for the great faults which set on to the 
eastward from Sh&pur, the coal-measures here would correspond in position with those in the 
Bench. The fault which brings up the coal on the Bench river west of Chendia has, on the 
contrary, its upthrow to the north: here, too, the quartz veins keep clear of the fiuilts. 

The structural features of this region offer a most tempting subject for study. I believe 
it will appear that the limitation of the sedimentaiy basin here is not in any important degree 
due to elevation from the south; but rather that this present local stratigraphy is connected 
inunldiately with pre-existing surface featpres. 


« SvmcAB^. 

Alfkoi^^h the forgoing details are reduced to lAe minimum required for any one 
who would carry on the investigationa described, or even as evidence for any one .who 
would study the questions discussed, each of which is marpually noted, itmay .ha!Web 
iiricfiy to point out what eonclasions or. opinions have been arriveff at. 
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As to cb&l: the only tangible and immediate prospect is, of course, where we are certain of 
the ootd'ineaanreB; I think there is a good prospect of coal in the Sh&pnr field; if not in the 
Sonfida axea, then fhrther east, on the 'Tawa. 

Begarding those places where we are searching for the measnres themselves, I can only 
say that there is a reasonable hope of finding them. In the central area, where the deep 
borings are being made, the chief risk is that the measures are out of reach. ' In the trials 
along the border of the basin the extra hope is that the measures, if there, have partaken in 
the extension and rise of the Talohir beds towards the northern outm-op; the extra risk, that 
the boring may be outside the overlap. 

The prospect held out of coal on the lower Narbada is in some ways more precarious, 
the ground being so veiy far from any known occurrence of the coal-measures; yet the 
countervailing snggestion of a probable original expansion of the measures towards the sea¬ 
board is not without weight; and the pr^ence of a rock that is known to overlie most of the 
important coai-basins in India is no small encouragement. Considering the importance of a 
local supply in Western Indio, the chance ought not to be left untried. 


Note on coals bbcentlt focnd nbab Moflono, Khasi Hills, hg F. B. Mallei', Esq., 

Geological Survey of India. 


On the 19th April 187S, I visited the coal recently discovered near Umsaomat and at 
D4dum Hill. • * « 

Two spots were pointed out to me near Umsaomat, one about half a mile, and the other 
a mile south-east of the village. The coal at both these places is worthless, being shaly, and 
the seams only a foot thick. 


The following assays have been made of the Ddddm coal, and for comparison of that at 
Mfiobelfika, the latter seam is that which for some time past has been worked for the supply 

of Shillong with fuel;— 

<* 

DSddm HiU. 

UMbeUka. 

Hygrroscople water ... ...* 

tea 

... 60 

3-4 

Volatile matter, esoloBiTe of water 

••i 

... M'S 

30-6 

Fixed carbon 

••• 

... 37-8 

65-2 

^ Anb •** 

• a* 

... 31-6 

1*8 



IF 

100-0 

iqoo 


Maohel&ka coal was taken from the fresh working face of the quarry, while that 
from Uddfim was from the surface of the weathered outcrop. The latter coal would pro¬ 
bably he found considerably better a few feet in.' The seam is three feet thick (the Maobe- 
l&ka bold being 8' fi" to 4' Q *), hut the, outcrop is at the foot of a perpendicular sandstone 
cliff IS feet high, from the top of which the hill slopes back steeply for 30 or 40 feet 
more. The hiU near the top of which the seam is situated appears to be equally steep 
all along the aouthem side, so that the coal could not be quarried. If sufficiently good in 
.the interior, however, and no bettmr seams should be found in the neighbourhood, it might 
he tt^rth ndning cn a small seale, as ^ when the projected now road is completed, tlie 
' for carrhage from H^um to Shillong will be considerably greater than those from 

JCAoMAka. The ro<a|! la ,'good and the seam horizontal, a^d a few miners could raise 
atdiimehi coal to .^iUong. The chief difficulty in the way of opening such a mine 

na^Ve snpervision Woidd be the risk of explosions ^ it were not properly ventilated. 
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Accessions io Library 

DONATION TO MUSKUM. 

DiTEiijff April, Mat and Jdn8. 

Laterite from Pigeon Island. Limcstono IVom Bittrapar one of the Laccadives, and 
Bock specimens from the Viugorla rocks. Presented by A. 0. Hdme, Esq. ,Secretary to 
Chvernment qf India. ^ 


ACCESSIONS TO LIBRAEY. 

From 1st April to 80th Jdnb 1875. 

Titles of Books. Donors, 

Bonnby, P. G.—Geology, (1874), 8to., London. 

Ddchateah, J.—^Notice sur les Aino, (1874), 8vo., Faria. 

Enctclopasdia Britannica, Yol. I, 9th Edit., (1875), 4to., Edinburgh. 

Geieib, Prop. —Geology, (1874), 8to., London. 

„ „ —Physical Geography, (1876), 8vo., London. 

Helpeb, Db. J. W.—The Provinces of Ye, Tavoy, and Mergui on the Tenosserim Coast, 

(1839), reprinted 1875, 8vo., Caloatta. 

Government op India. 

Jbfpbbts, j. G.—British Conchology, Yol. Ill, (1876), 8vo., London. 

Kinahan, G. H.—Yulleys and their relation to fissures, fractures, and faults, (1876), 

8vo., London. 

Koch, Db. L.—Aegyptische und Abyssinische Arachniden, (1875), 4to., NUmberg. 
PlaTtnbb.'— Manual of qualitative and quantitative analysis with the Blowpipe, (1873), 

8vo., New York. 

Bbfort on the effects of artificial respiration, Ac., in Indian and Australian Snake Poison* 

ing, (1874), 8vo., Calcutta. 

SuROBON Hajob Ewart. 

BtrPLET, P. —Mineralogy, (1874), 8vo,, London. 

Skertchlt, S. B. j.—G eology, (1873), 8vo., London. 

„ „ —Physical Geography, (1874), 8vo., London. 

Toula, Dr. F.— 'Kohlenkalk and Zechstein Fossilien aus dem Homsund an der Slid 

Westkuste von Spitzbergen, (1874), 8vo„ Wien. 


PERIODICALS. 


American Journal of Science and Arts, 3rd Series, Yol. YIII, Nos. 49 & 50; IX, Noas 
. • 61 & 62, (1876), 8vo., New Haven. 


The Editors. 


AnnalAB dos Miues, 7th Series, Yol. YT, livr. 6 & 6, (1874), 8vo., Paris. 

L’AdHXNIS. DBS Minbs. 


^nnsla and Magarine of Natural Histoiy, 4th Series, Yol. XY, Nos. 87~89, (1876)/ 

8vo., London. 

Archiv fiir Naturgeschichte, Band XLI, heft 1, (1876), 8vo.ir^rnii. ^ 

Hbliothbque Universelle et Revue Suisse, Yol. LII, Nos. 205—207, (1876), 8vo., Lausanne. 
Bibliothbque Univetselle et Revue Suisse. Archives des Sdences Physiques et Natiurelles, 
. Yol. LI, No. 204, A LIL Nos. 205 A 206, (1875), 8vo., Geneva. 

GeograpMcal Magarine, Yol.,JI, Nos. 8—6, (1875), 8vo., Londmi. 

Geological Magazine, New Series, Decade II, Yol. II, Nos. 8—6, (1876), 8vo., London. 
Hanlbt, ^«,VANUS, A Thbobald, Wm.—C onchologia Indica, Part VII, (1874), 4to„ 

London^ 
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Recofds of the Oeoh^tcal SiiTve^ of India. 


Indian Economist, with Agricultural Gazette and Statistical Beporter Vol. VI No 8 

(1875), flso., Calcutta. ' ' ’ 

Journal de CimohyUologie, 8rd Sej., Vol. XV, No. 1, (1876), 8to., Pa^**”**'^ 

List of Officers in the Survey Departments on the Ist April 1876, (1876), flsc., Calcutta. 

DbFT. HeV., Ao-BICOLTCBS & CoHUEBCX!. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science 4th Ser 

Vol. XLIX, Nos. 324 to 326, (1876), 8vo., London. 

Lvthes, IE DUO DE.— Voyage d’Exploration a la Mer Morte, a Petra, et, sur la Rive 

Gauche du Jourdain, Vole. I & n test, and livr. 19-26 Platps 
(1876), 4to., Paris. ’ 

Mabtini end CHEMErrB.-Conchylien Cabinet, Lief. 233 & 234, (1876), 4to.. Numbers 

Nature, Vol. XI, Nos. 278-291, (1876), 4to., London. 

Neues Jahrbuch fiir Mineralogie, Geologic, und Palseontologie, Jahrg. 1876, heft 1—3 

(1876), 8vo., Stuttgart. * 

Pnlmontographica, Band XXI, Lief. 6, (1876), 4to., Cassel. 

Petebmahit, DBr4.—Geogi-aphisohe Mittheilungen, Band XXI, Nos. 2—4, (1876), 4to. 

Gotha. ’ ’’ 

„ „ —Geographisohe Mittheilungen, Supplement, Nos. 89 to 42 08761 

,, 4to., Gotha. ' 

POOOBHDOBEF, J. C.— Annalen der Physik und Chemie^ Band 164, Nos. 1—4, (1876), 

8 vo., Leipzig, ' 

Professional Papers on Indian Engineering, 2nd Ser., Vol. IV, No. 16, (1876), 8vo., Eoorkee. 

Thohasok Colleoe, Roobeee. 

Quarterly Journal of Science, No. 46, (1876). 8vo., London. 

Quarterly Journal of Microscopical Science, New Series, No. 68, (1876), 8vo., London. 

Reports of the Mining Surveyors and Registrars for quarter ending 30th September 

(1874), flsa, Melbourne. 

Govt. Mieino Dept,, Meibodbee. 


GOVERNMENT SELECTIONS, Ac, 

Bombay.— Report on the Assessment of the Rygur Talooka in the Colaba Sub-Collectorate 

(1866), 8vo., Bombay. ’ 

The Bombay Govebemeet. 

• „ Selections from the Records of the Bombay Government, New Series, No. 146. 

Papers relative to the revision of assessment of certain Plages 
in the Nasik Collectorate, (1876), 8vo., Bombay. 

The Bombay Govebemeet. 

IedU.— Report on the Revenue Surv^ Operations of the Lower Provinces from 1st October 

1873 to aorii September 1874 (1876), flsc., Calcutta. 

«, ^ ^ Sdbvey. 

„ Selections from the Records of the Government of India, foreign Department, 

, No. 119, Report on the administratipn of the Ajmere and 

Mhairwa^pistrictB for 1873-74, (1876), 8vo., Calcutta. 

, POBBIOE DbPABTMEST, 

'p-: WAtEBB, Con. J. T»*--General Report on the operations of the Great Trigonome- 

bdcal Survey ot India during 1878-74, (1874), flsc., Dehra 
Dun. 

GbBAX TBI^OKOXITBICAI SlTBVBY. 



PART- 3.] 


Accessions to Library. 


^9 


^Hea of BooTcs . Donora . 

India.—Walkee, Col. J. T.—Synopsis of the results of the operations of the Great 

Trigonometrical Survey of india, Vol. IV, (1876), 4toa 
Dehra Dun. 

G§EAT TBIOONOUBtEIOAL SUHVEY. 
Madeas.— Report on the Administration of the Madras Presidency during 1873-74, (1876), 

8VO., Madras. 

Madras Goybenuent. 

Mysore. —Report on Public Instruction in Mysore for 1873-74, (1874), 8vo., Bangalore. 

Chief Comuisbionbb of Mysobb. 


TRANSACTIONS & PROCEEDINGS OP SOCIETIES, &c. 

Berlin.— Monatsherichte der konig. Preuss. Akad. der Wissenschaften zu Berlin, Novem¬ 
ber t«» February, (1874 & 1875), 8vo., Berlin. 

The Academy. 

,, Register fiir die Monatsherichte der k. Freuss. Akademie der Wissenschaften zu 

Berlin, von 1859 bis 1873, (1875), 8vo., Berll^ 

• Tjmlin Academy. 

Bombay. —Journal of the Bombay Branch of the Royal Asiatic Society, Vol. X, No. 30, 

(1876), 8vo., Bombay. 

The Society, 

Buffalo. —Bulletin of the Buffalo Society of Natural Sciences, Vol. II, No. 2, (1874), 

8vo., Buffalo. • 

The Society. 

Calcutta. —Journal of the Agricultural and Horticultural Society of India, New Series, 

Vol. X, pt. 1, (1875), 8vo., Calcutta. 

The Society. 

„ Journal of the Asiatic Society of Bengal, Now Series, Vol. XLIII, pt. II, 
No. 4,,& Vol. XLIV, pt. 1, No. 1, (1874-76), 8vo., Calcutta, 

Ditto. 

„ Proceedings of the Asiatic Society of Bengal, Nos. II—V (1876), 8vo., Calcutta. 

Ditto. 

Dresden.— Sitzungsberichte der naturwissenschaftlichen Gesellschaft Isis in Dresden, 

Jahig. 1874, April to September, (1874), 8vo., Dresden. • 

The Isis Society. 

Dublin. —Journal of the Royal Geological Society of Ireland, New Series, Vol. IV, pt. 1, 
* * (1874), 8vo., Dublin. 

The Society. 

Edinbueoh. —Proceedings of the Royal Society of Edinburgh, Vol. VIII, No. 87, (1874), 

8vo., Edinburgh. 

The Society 

„ Transactions of the Royal Society of Edinburgh, Vol. XXVII, pt. 2, (1874) 
4to., Edinburgh. 

Ditto. 

Glasoow.*—T ransactions of the Geological Society of Ghisgow, Vol. V, pt. 1, (1876^ Svo., 

Glasgow. • 

The Society. 

Lausanne.— Bulletin de la Soci6t5 Vaudotse dee Sdences NatuYsIles, 2nd Series, VoL XIII, 

No. 73, (1874), Svo., Lausanne. 


Tss Society. 
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Titles qf Books. XhtiorSj 

LiVEEPOOl.— -Abstiwat of the Proceediiiffo of the Lirerpool Geological Society, Sebsione I to 

f XY (1859-187'4), 8 vo., Liverpool. 

The Society. 

„ Proceedings of the Literary and Philosophical Society of Liverpool, Vol. XXVIII, 

(1874), 8 vo., London. 

Ditto. 

Lohdoh.— Museum, —A Guido Kook to the Exhibition Kooms of tho Departments 

of Natural History and Autiquitiob of the British Museum 
(1874), 8vo., Loudon. 

The Bbitisu Museum:. 

„ „ Catalogue of the Birds in tho British Museum, Vol. I (1874), 

8 vo., London. 

Ditto. 

„ „ Gea.y, Db. J. E.—Hand List of Seals, Morses, Sea Lions, 

and Sea Boars in tho British Museum (1871), 8vo, Lt)ndon, 

Ditto, 

„ JourlH^f the Anthrojologieal Institute of Great Britain and Ireland, Vol. IV, 
No, 1 (1874), 8 vo., London. 

„ Journal of the East India Associatiejp, Vol. VIII, No. 3, (1875), 8vo., London. 

^ The Associ.vtjox. 

„ Proceedings of the Royal Geographical Society, Vol. XIX, Nos. 1—3, (1875), 

8vo., London. 

The Society. 

„ Proceedings of the Royal Society of London, Vol. XXIII, Nos. 157—159, 

(1871), 8vo., Loudon. 

Ditto. 

„ Quarterly Journal of'the Geological Society of London, Vol. XXX, pt- V, 

No. 120, and Vol. XXXI, pt. I, No. 121, (1874 and 1875), 8 vo., 
London. 

Ditto. 

Mahcuestbe. —Transactions of the Manchester Geological Society, Vol. XIII, pts. 8 & 9, 

(1875), 870 ., Manchester. 

The Society. 

Meldoubhe.—Smyth, R. B, —Geological Survey of Victoria. Report of Progress, No. II, 

(1875), 8 vo., Melbourne. 

• • The Survey. 

Moscou.—Bulletin de la Socidto Impbri-ilo des Naturalistcs do Moscou, Vol. XLVIII, No. 2, 

(1874), 8 VO., Moscou. 

The Society. 

„ Nonveanx Momoires de la Sooietd Impbriale des Naturalistes do Moscou, Vol. XIII, 

livr. 4, (1874), 4to,, Moscou. 

Ditto. 

MiJNCHEH.—Ahhaadlhngen dor Math.—Phys. Classe der k. b. Akndemiedcr Wissenschaften. 

Band XI,**'Ibth. 3, (1874), 4to., Milnchen. 

The Academy, 

hfoulim konigliohen Stemwarte bei Miinohen, Band XX, (1874), 8 vo. 
Munchen. “ 


• Ditto. 
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JJMles of Boohs. Donors. 

Mukchen. — F-i*r.«v METKR. Db. Emil.— ITeb^jr den Einflass des PreibeiTU Justus von 

Liebig auf die >Entwickcluil|g der reincn cbemic, (1874), 4to., 
Munchcn. 

^ Thb Acauemy. 

„ Sitzungsberichte der Math.—Phys. CLasse der k. b. Akademio der Wissenschaf- 
ten, heft. 2, (1874), 8vo., Miinchen. 

Ditto. 

New Zealano.—N inth Annual Report of the Coloni.al Museum and Laboratory, 1873-74, 

(1874), 8vo., New Zealand. 

The Geological Subvey of New Zealand. 

Pabis. —Bulletin do la Socidtd Geologique de Prance, 3rd Scries, Vol. I, pp. 441-—630, 

VdI. II, No. 6, and Vol. Ill, Nos. 1 & 2, (1874-76), 8vo., Paris. 

The Society. 

PniLADELPTiXA.—Journal of the Pranklin Institute, 3rd Series, Vol. LXVIII, No. 6, and 

LXIX, Nos. 1 & 2. (1874-75), 8vo., Philadelphia. 

The Institute. 

„ Lyman, Theodore. —Commemorative notice of L<uS§* Agassiz, (l873), 

8vo., Philadelphia. 

^ Amebtcan Academy of Aetb and Sciences. 

Rome.— •Bollottino R. Comitato Geologioo d’ Italia, Nos. 1—4, (1875), 8vo., Roma. 

The Geological Commission. 

VijSNNA.—Deiikschrifton der k. Akad. der Wisscnschaften, Baud XX^^llI, (1874), 4tu., 

Wien. 

The Vienna Academy. 

„ Sitzungsberichte der k. k. AJtademie der Wissenschaften, Band LXVIII, Abth. I, 

heft 3—5, Abth. II, heft 3—6, and Abth. Ill, heft I—6, 
Band LXIX, Abth. I, heft 1—3, Abth. II, heft. 1—3, (1874), 
8vo., Vienna. 

Ditto. 

„ Jahrbuch der k. k. Geologisohen Reichsanstalt, Band XXIV, No. 4, (1874), 8vo., 
. Vienna. 

The Institute. 

Verhandlungen der k. k. Geologisohen Reichsanstalt, Nos. 16—18, (1874), 8vo., 
Vienna. 

> ^ Ditto. 

ZQkich. —AbhandluMgen der Schweizerischen paliiontologischen Gesellschaft, Vol. 1, (1874), 

4to., Zurich. 

„ None Denkschriften der Allgepeinen Schweizerischen Gesellschaft, Band XXV 

abd XXyii:;.(i$,73-74), 4to., Zurich. 

„ Vierte\jahrs8chrift der Natuti^nsobeuden Gesellschaft in Zurioh« Jahrg. XVIII, 

heft 1—4, J^^3), 8 vo., Zurich. 

. The Socibtt. 

„ Seujahrsblatt von der Naturfbrschenden Gesellsohafti; No. LXXVI, (1874), 4to., 

Zurich. • /* * ^ 

Ditto, 







